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LETTER  OE  TRAXSMITTAL 


E.  Y.  Stuart,  Secretary, 


Dei)artment  of  Forests  and  Waters. 


Sir : 


1 have  the  honor  to  transmit  herewith  the  manuscript,  maps,  and  il- 
lustrations for  a detailed  report  on  a part  of  the  slate  belt  of  Pennsyl- 
vania, by  Charles  H.  Behre,  Jr.  As  you  doubtless  know,  Pennsylvania 
is  the  leading-  slate-producing  State  of  the  Union.  The  value  of  the 
slate  produced  annually  in  Pennsylvania  is  nearly  one-half  the  value 
of  all  the  slate  produced  in  the  United  States.  In  11123  and  1924  sales 
of  Pennsylvania  slate  exceeded  -Ul, 000,(100. 00  a year. 

The  present  report  covers  a portion  of  the  slate  belt  of  Lehigh  and 
Northampton  counties  east  of  the  Lehigh  Eiver.  It  is  a minute  study 
of  those  factors  that  determine  the  workability  and  value  of  the  slate. 
No  such  careful  study  has  ever  before  been  made,  and  it  should  there- 
fore be  of  large  value  to  the  men  in  the  industry.  Both  the  major  and 
minor  structural  features  of  the  slate  belt  have  been  worked  out  and 
shown  on  maps  and  sections.  The  general  section  of  the  slate  rocks 
has  been  determined  and  measiired.  and  the  geologic  history  of  the 
rocks  outlined.  Tlie  illustrations  will  be  a revelation  to  many  of  our 
citizens  as  to  the  size  and  scope  of  the  industry,  the  size  and  depth  of 
the  quarries,  the  processes  of  quarrying  and  jn-eparing  the  slate,  and 
the  great  volume  of  waste  slate  for  Avhich  a use  is  being  sought. 


Eespeetfully, 


State  Geologist. 


January  20,  1926. 
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SLATE  IN  NORTHAMPTON  COUNTY, 
PENNSYLVANIA 

Bv  ClEARLES  II.  BeTIRE,  Jr. 


INTRODUCTION 

I lEI.I)  AM)  OFFK  K AVORIv 

The  held  ■\vork  repi'esented  by  this  report  was  carried  on  under  tlie 
auspices  of  the  Pennsylvania  Topo^’rapldc  and  Geologic  Survey  during 
the  summers  of  1923  and  1924.  The  hrst  summer  was  spent  wholly 
in  the  held.  Onarry  locations  were  made  on  the  maps  by  plane  table 
methods,  using  photogra})hic  enlargements  of  topographic  maps  for 
a base.  In  the  second  summer  much  time  was  spent  indoors  organiz- 
ing the  data  assembled.  Sporadiealh’  held  trips  were  also  made  dur- 
ing the  fall  and  winter  of  1923  and  the  .spring  of  1924. 

The  office  work  was  hnished  in  June  1923. 

SOUIU’FS  OF  IXFOR>F\TIOX 

Two  general  sources  of  information,  other  than  that  obtained  by 
personal  observation,  were  available  in  the  preparation  of  this  publica- 
tion,— the  reports  of  earlier  geologists  and  the  statements  of  qnariy- 
men.  For  the  geology  of  slate  in  general,  the  excellent  work  of  Dr. 
T.  Nelson  Dale  of  the  United  States  Geological  Survey  I)ecame  the 
foundation  upon  which  these  studies  coidd  be  built.  The  general  strati- 
graphy and  structure  of  this  and  adjacent  regions  have  been  describetl 
in  more  or  less  tletail  by  the  geologists  of  the  Uiuted  States,  Peiin- 
sylvania.  New  Jersey,  and  Maryland  Geological  Surveys.  Dr.  Oliver 
Bowles  of  the  United  States  Bureau  of  Mines  has  given  much  valuable 
information  on  the  technology  of  slate  in  interview^s  and  in  his  writ- 
ings. Production  data  wei'e  obtained  from  the  Mineral  Resources 
Division  of  the  United  States  Geological  Survey. 

For  information  as  to  the  development  of  individual  slate  quarries, 
some  of  the  ])ioneers  in  the  slate  district  wei'c  cotisnlted.  In  nnmy 
quarries  which  are  now  abandonc(l.  details  of  structure  and  strati- 
graphy cmdd  not  l)e  studied  and  data  could  be  gleaned  only  from  the 
men  who  were  once  engaged  in  quarrying  in  tla^se  particular  openings; 
here  again,  therefore,  cpiarrymen  were  called  U])On  and  resi)onded 
generously.  In  the  use  of  such  data  the  writer  has  sought  to  dis- 
criminate between  statements  that  appear  to  be  in  accord  with  observed 
facts  and  those  which,  because  of  the  filling  of  the  o]ienings  or  similar 
causes,  could  not  be  tested  and  have  to  be  accejJed,  if  at  all,  “on 
faith.” 
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ArivX()AVLEI)(i>rEXTS 

To  aeknowledg'e  all  assistance  received  in  pre]iaring  this  rej'iort 
wonld  he  to  fill  several  ])ages.  Especial  thanks  are  dne  to  Dr.  Jh  L. 
iMiller  foi'  repeated  and  valnahle  suggestions;  to  i\Ir.  R.  AV.  Stone,  of 
the  Pennsylvania  Tojiographic  and  Geologic  Survey,  for  his  carefnl 
editing  of  this  ]inhlication  ; to  Air.  Homer  II.  Kirhy,  of  the  Interstate 
C’onnnerce  Commission,  for  his  contrihntion  on  the  valuation  of  slate 
lands;  to  Air.  Alalcolm  Iv.  Hnckley,  for  analyses  of  several  slate 
samples;  to  Dr.  (teo.  P.  Alerrill  of  the  I".  S.  National  Aluseum,  for  the 
loan  of  some  forty  thin  sections  of  American  slates;  to  Dr.  Edson  S. 
Dastin  for  carefnl  reading  and  helpfnl  criticism  of  the  re])ort ; to  my 
associates  Dr.  W.  II.  Duchei',  and  Air.  ().  C.  von  Schlichten,  for  sugges- 
tions in  regard  to  the  structure  and  petrography  of  the  slate;  and  to  the 
Dliss  Studio,  Easton,  for  several  ]diotographs.  The  writer  is  also  es- 
pecially indebted  tf)  Dr.  T.  Nelson  Dale,  formerly  of  the  TJ.  S.  Geologic- 
al Survey,  for  the  ins])iration  furnished  hy  his  (*xcellent  ]>ioneer  work 
on  the  economic  geology  of  slate. 

The  heartiest  coojieration  and  most  kindly  assistance  was  given  l)y 
the  slate  oj>erators.  To  acknowledge  full  indebtedness  is  impossible, 
hut  mention  should  he  made  of  the  aid  furnished  l).v  Alessrs.  AV.  L. 
P>lake,  AVm.  11.  Smith,  and  Al.  -1.  S]>ry  of  Rangor,  and  Air.  Win.  Bray 
of  East  Bangor,  recentl.y  deceased.  The  officials  of  the  Structural 
Slate  Company,  Air.  Richard  Jackson,  3d,  of  Pen  Argyl  and  Air.  AA^m. 
Smith  of  Chapman  were  courteous  in  furnishing  all  information  re- 
(piested.  To  these  and  the  other  operators  who  so  generously  gave  of 
lime  and  energy  the  writer  wishes  to  extend  his  warmest  thanks. 

Aly  wife,  Dr.  J.  A.  Behre,  assisted  me  in  much  of  the  field  Avork  by 
her  skillful  use  of  the  telescojie  alidade  and  plane  table,  and  Avas  my 
eonstant  ins])ii-ation  in  ])re]iaring  the  illustrations  and  Avriting  this 
re]iort. 


GEOGRAPHY 

LO(\VHOX  OF  THE  DISTHK  T 

lioiuidarie.'i. — The  region  here  described  includes  portions  of  the 
DehiAvare  AVater  Gaj),  Wind  Ga]>,  and  Allentowui  (piadrangles  (See 
Eig.  f ).  As  the  pur])Ose  of  the  field  Avork  Avas  primarily  the  ]irepara- 
tion  of  a re]iort  on  the  slate  in  these  three  (piadrangles,  studies  Avere 
not  carried  Ixwond  the  crest  of  Blue  Alountain  to  the  north,  nor  south 
of  a line  draAvn  through  the  toAvns  of  Behudere  in  AAav  Jersey^  and 
Xazaridh  and  Bath  in  Pennsylvania.  The  Avestern  edge  of  the  AVind 
Gap  ipiadi'angle,  aiijiroxiniately  1V1>  miles  east  of  Danielsville,  and 
])assing  through  Slatetield,  is  the  Avestern  limit  of  the  section  ma])ped. 


LO('ATl()N  OF  TIIF  OISTUK'T 
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LEMIGH-NORTWAMPTON  SLATE  DISTRICT  LC  HIGH  ■NORTHAMPTON  SLATE  DISTRICT  PEACH  BOTTOM  SLATE  DISTRICT 
PORTION  DEALT  WITH  IN  THIS  REPORT  PORTION  NOT  YET  STUDIED  NOT  YET  STUDIED 


FiiniTe  1.  Outline  man  of  ronnsylvaiiia.  sliowint:  tin'  two  iniportant  slate  belts 
of  the  State,  with  tlie  eounties  and  (luadran^les  in  which  tln'.v  ocenr. 

The  eastern  edge  coincides  with  the  honndary  Itetween  Petinsylvania 
and  New  Jersey,  namely,  Delaware  River, 

The  s(‘Ction  thus  delimited  has  its  exti'eme  northern  and  southern 
Hunts  at  41°d7'JO"  and  4()°4ron"  north  latitude  res])ectively,  and  its 
eastern  and  western  ones  at  TdDIJ' 00"  and  Td^JO'OO"  west  longitude 
resjtectively.  It  includes  a])proximately  195  siiuare  miles. 

('ities  (111(1  f(ju'i(s. — The  area  studie'l  is  about  b()  miles  due  west  of 
New  York  City  and  the  saim*  distaime  directly  north  of  Phila(lel])hia. 
It  is  thus  distinctly  tributary,  in  a commercial  sense,  to  these  two  cities. 
Within  the  region,  there  are  siweral  smaller  towns,  formerly  slate 
centm's  but  now  largidy  dependent  on  textile  mills;  notable  are  Bangor, 
I^en  ^Vrgyl,  and  Wind  (lap.  Along  the  sontluum  bonhu'  of  the  district 
are  situated  Belviderig  Nazai'ctb,  and  Bath,  but  in  these  the  ((uarr.ving 
and  ]n'e])aring  of  limestone  for  Portland  cement  far  overshadows  the 
slate  trade.  Several  smallm-  settlements,  chiefly  trading  centers  for 
the  surrounding  farms,  are  scattered  throughout  tin*  area.  Portland 
and  Slateford  are  on  the  ea.stern  bord(*r  of  tin*  mai)|)e‘l  ar(*a  and  on  the 
west  bank  of  Delaware  River;  Slateford  was  once  a slate-making  center, 
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but  its  quarries  are  now  abandoned.  At  present,  Bangor  and  Pen 
Argyl  are  the  main  centers  of  tlie  slate  industry  in  the  area. 

T ransportation  facilities. — The  district  is  accessible  over  several 
railroads.  A branch  of  the  Lehigh  and  New  England  leads  north 
from  Bethlehem  through  Bath  and  the  town  of  Chapman,  where  large 
slate  quarri(‘s  are  located.  It  meets  the  Saylorsburg  division  of  the 
same  railroad  at  Benders  Junction,  whither  the  latter  runs  from 
Slatington;  the  raili'oad  tracks  continue  along  the  southern  escarp- 
ment of  Blue  Mountain  to  Ihe  AVind  Gap;  here  a track  i>asses  through 
the  mountain  going  northward  to  Saylorsburg  while  another  contin- 
ues eastward  to  Pen  Argyl.  Pen  Argyl  is  connected  Avith  Nazareth 
by  the  Lehigh  and  NeAV  England  Railroad  and  by  a division  of  the 
Delaware,  LackaAvanua  and  Western  RailAA'ay.  The  Lehigh  and  NeAV 
England  Railroad  furnishes  connections  betAveen  Pen  Argyl  and  Port- 
land Ada  Bangor.  Along  DelaAvare  River  the  Pemisylvania  and  the 
DelaAvare,  LackaAvanna,  and  AYesteni  railroads  lead  southAvard  and 
southeastward  respectiATly  from  DelaAvare  AYater  Ga]L  It  is  seen  that 
raihvay  coniiections  are  ample  for  freight  shipments.  Electric  cars 
coniKT't  Bethlehem  and  other  cities  Avitli  Nazareth.  A separate  elec- 
tric line  runs  from  Nazareth  to  Bath.  The  N()i'tham])ton  Transit 
Coni])any  o]>erates  cars  from  Nazareth  to  BangoPy  the  Slate  Belt  Elec- 
Iric  line  does  likeAvise,  but  OA'er  a slightly  different  route,  through 
AVind  Gaj)  and  Pen  Argyl.  Electric,  cars  also  operate  betAveen  Bangor 
and  Portland,  Avhere  they  ai'e  met  by  cars  AAdiieh  make  the  trip  to 
Stroudsburg  through  the  DelaAvare  AA'ater  Gap. 

PHYSIOHRAPHK^  FE.XTPRES  OF  THE  DISTRICT 

This  part  of  sontheasteni  Pennsyh’ania  falls  recognizably  into  three 
physiogra])hic  regions,  the  boundaries  of  Avhich  are  roughly  parallel  and 
folloAV  a northeast  by  north  trend.  In  order  from  southeast  to  north- 
AA’est,  these  are  the  limestone  A’alley,  the  .slate  terrace,  and  Blue  Aloun- 
tain. 

Limestone  valley. — Along  the  southern  ])art  of  the  area  here  described 
is  a continuOATs  loAA^-lying  section  that  rises  to  altitudes  betAveen  300 
and  400  feet  above  mean  sea  level.  This  region,  AAdiich  is  mainly 
underlain  by  limestone,  is  characterized  in  a major  Avay  by  its  de- 
pressed surface  in  comparison  Avith,  the  areas  to  the  south  and  north. 
In  a minor  Avay  it  is  marked  by  sink-holes  and  pits,  made  by  the  collapse 
of  the  roofs  of  caATrns ; these  are  due  to  the  solution  of  the  limestone 
by  underground  Avater.  Its  stream  valleys  are  Avide  and  the  sti-eams 
meander  as  they  cross  the  area. 

^late  terrace. — The  te)-m  Ap])alachian  A^alley  is  generally  made  to 
include  both  the  limestone  district,  Avith  its  elcA'ation  of  400  feet  or 
less,  and  the  region  hereinafter  referred  to  as  the  slate  terrace.  Prop- 


N^ow  replaced  by  automobile  route. 


I'llYSinOKAl'IIK'  FEATI  RKS 


ei'ly,  tlie  writer  believes,  the  moderately  elevated  slate  eoiinti-y  should 
lie  distinguished  from  the  limestone  valley  to  the  south  and  Blue 
Mountain  to  the  north,  between  which  it  forms  a sort  of  ten-ace  or 

ri.ATE  I 


A.  Escarumeiit  lictweeii  slate  terrace  ami  limestone  valley  ( foregromul. ) 


P>.  Blue  Ylomitain  (surmounted  liy  tlu'  Kittatiuuy  peiieiilain ) , with  the  slate 
terrace  in  the  foreground. 


Hilly  toiiograjdiy  tyiiical  of  rht'  niiddh',  sandy  luemher  of  tli(>  Martiiishurg 
formation  ; west  of  Richmond. 
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stej).  (8ee  Plate  I,  A-B)  A narrower  beneli  lies  between  this  terrace 
and  the  valley,  repre.sentino-  the  outcrop  of  the  slightly  more  readily 
eroded  Jacksonbnrg  limestone,  to  which  reference  will  be  made  again 
further  on.  This  bench  can  most  easily  be  included  in  the  limestone 
valley  region. 

The  contrast  between  the  stream  valleys  in  this  province  and  those 
in  the  limestone  valley  is  striking.  The  Lehigh  and  Delaware  Rivers 
have  gently  slo])ing  banks  in  the  limestone  valley;  where  they  cut 
through  the  slate  tei-raee,  however,  the  banks  are  steep  and  rugged 
and  frecpiently  well  timbered.  Tributary  streams  such  as  the  Mono- 
cacy,  meander  across  the  limestone  valley,  but  maintain  .straight 
couises  between  more  ]ireci])itous  bluffs  as  they  flow  through  the  ter- 
race. 

lihie  Mouniuni. — Blue  IMountain  is  the  southernmost  of  a seines  of 
pai’allel  ridges  which,  gradually  bei-oming  more  and  moi'e  confluent 
toward  the  northwest,  finally  lead  toward  the  great  escarpment  of  the 
Allegheny  Plateau  in  northern  and  western  Pennsylvania.  As  a 
[ihysiographic  unit.  Blue  Mountain  is  far  more  distinct  from  the  slate 
terraci*  to  the  south  than  is  the  limestone  valley.  In  this  area  it  rises 
to  altitudes  of  fi*et  abov(‘  the  sea  and  so  lies  well  above  any  of 

the  other  ])hysiogra])hic  regions  describe  !.  It  lu-esents  a southward 
flank  that  is  almost  perfectly  aligned  and  continuous,  but  for  a few 
wind  gaps  and  the  gorges  cut  by  tlie  Delaware  and  Lehigh  rivers. 

( )nly  the  master  sti-eams  have  b(‘en  able  to  cut  through  this  ]U’om- 
inent  ridge;  the  minor  streams  generally  ap]>ear  as  small  rivulets, 
flowing  ouf  from  under  the  talus  of  the  south  slope,  or,  unable  to 
iniss  the  barri(*r  of  hard  rock  that  ca]is  the  ridge,  content  themselves 
with  following  courses  that  lead  southwesterly  or  noidheasterly  to 
a indon  with  the  Lehigh  or  Delaware  rivers.  Blue  IMouutain  is  also 
Ivuown  as  Kittatinny  IMouutain. 

(U‘})cral  ph  iiswfji'iiplni. — In  this  hu'ger  setting,  the  area  to  be  de- 
scribed takes  the  general  form  of  a rectangle  parallel  to  Blue  l^lountain, 
with  its  northwesterly  edge  on  the  crest  of  that  eminence  and  its 
southeastern  edge  slightly  south  of  the  southern  border  of  the  slate 
tcri'ace.  A northwestward  s(>ction  across  tlu‘  surface  would  thus 
include,  from  south  to  north: 

(a)  The  low  northerly  edge  of  the  Ai)palachian  Valley,  with  rather 
wide  L-shaped  river  valleys  and  a general  altitude  of  400  feet;  to 
the  north  this  rises  forty  feet  to  form  a bench. 

(b)  From  this,  a rajiid  rise  to  an  elevation  of  700  feet  or  so,  From 
this  escarpment  a badly  dissected  and  rather  umhdating  table  land 
(‘xtemls  northward  to  the  foot  of  Blue  ^Mountain. 

(c)  A sloj^e  rising  from  700  feet  to  1,500  feet  above  sea  level. 
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ii'enevally  be'^et  with  tine  talus  or  laru’e  bloeks  derived  from  the 
erosion  of  Blue  iMountain. 

IMinor  features  of  this  topoo-raphy  merit  more  detailed  deseriptiou 
under  the  section  dealing'  with  The  geologic  history  ot  the  region. 

( i.lMATK  ,\M)  YltGKTATlOX 

The  climate  of  the  region  is  moderate  and  ecpial'le.  The  precij'ita- 
tion  in  recent  vears  has  been  about  4->.  1 1 inches  annu<dl^ , i anging 
from  40. Od  inches  in  1014  to  bb.tib  in  1019. 


p)'CcipifuUo)i  Ilf  S*  rnuilsh  unj . Pn.,  j!>J  l-l!f2 1 


Inches 

Inches 

•t  :tu 

-tulv  1911-1919  

-January  l.'ii-iU-U 

Februarv  1911-1920  . . . . 

. . 3.04 

August  1911-1919,  1921  .. 

5,07 

.4Iar(di  1911-1910.  1921  . 

. . 3.92 

September  1!)11-1919.  1921 

3.11 

April  1911-1919.  1921  . . 

. . 3.8b 

October  1911-1919.  1921  . . 

:!.7b 

^lav  1911-1919,  19-B  . . . 

. . 3.54 

Xoveml>er  1911-1919.  R'21  . 

3.09 

-lune  1911-1919,  1921  . . 

. . 4.29 

December  1!M1-1919.  1921  . 

Avcniiji  pncipitutioii  nt  P>( 

Iriileri.  A.  -/..  PUi-PAl 

-lanuarv  1914-lb.  lS-24  . 

. . . -J.Tii 

-lulv  1915-1!)24  

5.14 

Februarv  1914-lb,  lS-24 

. . .3.50 

August  1 ill  5-1 924  

3.b, 

^larch  191.1-19-M  

. . 3.-’7 

September  1915-1924  .... 

3.83 

April  191.')-19->4  

. . 3.78 

Octol'er  1915-1!)24  

2.58 

Mav  1915-19->4  

. . 3.97 

Xovember  1915-1!)24  

2.95 

rl — 

. . 4.03 

Deceml'cr  1915-1924  

3.71 

The  region  under  discussion  is  between  Belvidt*re  and  Stroudsbnig. 

The  teniiierature  seldom  falls  below  0°  hahrenlunt  in  the  'winter, 
but  is  sufficiently  cold  to  effectively  sto]'  (piarrying  in  the  di'eper 
quarries  during  the  winter  months,  and  snow  and  ice  are  not  uncom- 
monly seen  on  north  tlanks  of  declivities  or  in  shady  ravines  as  late 
as  the  middle  of  Ajiril. 

The  area  is  fairly  well  settled  and  under  extensive  eulti^■ation.  In 
the  limestone  valley  only  small  tracts  of  timber  a^ipear. 

(4n  The  slate  terrace  deciduous  trees  of  many  varieties  abound  and 
the  country  is  less  densely  settled  so  that  small  areas  of  forest  growth 
are  not  lacking;  in  the  sandy  j'latch.es  ot  the  slate  belt  coniters 
mainly  pitch  pine  {Pnuis  nijiihi.  Mill),  -lersey  pine  {P.  vinjiininni, 
i\Iill),  red  cedar,  and  hemlock  are  not  uncommon,  and  some  sections, 
such  as  the  A-alley  of  iMud  Run.  between  Btockertown  and  iMartins 
C’reek,  are  well  wooded:  deciduous  trees  are  more  common  than  ev(U'- 
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greens.  Along  the  flank  of  Blue  Mountain  the  woods  are  thickest; 
conifers  are  rare  here;  the  ground  is  in  places  heavily  covered  with 
Selagini'Uo ; rhododendron  {R.  maxwnt m,  L.)  and  i^arions  sj)ecies  of  aza- 
lea are  not  uncommon,  especially  near  the  DelaAvare  Water  Gap.  Vir- 
ginia cree])er  (Rsedera  quuiqucfoha,  L.,  (rrccne)  and  |)oison  ivy  {Rhus 
radicaus,  L.)  are  omni])i-esent.  The  cre.st  of  Blue  IMoimtain  is  said  once 
to  have  been  well  timbered,  but  today  little  remains  save  a close, 
scrubby  growth  of  oaks  five  or  six  feet  high,  inters])ersed  with  thickets 
of  lesser  shrubs. 


GENERAL  GEOLOGY 

SU.MMAKY 

Although  a single  formation  underlies  by  far  the  greater  part  of 
the  region  here  described,  (.See  Plate  II,  in  pocket)  the  need  of  an 
understanding  of  the  general  sequence  and  structure  justify  a brief 
summary  of  all  of  the  formations  and  of  their  structural  relations  in 
this  part  of  Pennsylvania.  The  sequence  is  as  follows: 


Onaternary : 

Unconformity. 
Silurian  ( ?)  : 

Unconformity 

Ordo\dcian : 


Cambrian  : 


Recent  alluvium 
Glacial  deposits 

.Shawangunk  conglomerate  and 
sandstone 

Martinsburg  formation  (.slate) 
•lacksonburg  limestone  (cement 
rock  j 

I biconformity 
Beekmantown  limestone 
Allentown  limestone 
Probable  unconformity 
Tomstown  limestone 

I I ardyston  quartzite 


.South  of  the  area  here  described  there  are,  in  addition,  rocks  of 
Iire-Cambrian  and  of  Triassic  age,  Imt  the  former  are  deeply  buried 
beneath  Paleozoic  sediments  and  the  latter  ap])arently  never  extended 
as  far  north  as  the  region  here  mapiied.  All  of  the  rocks  of  the  column 
listed  above,  with  the  exception  of  the  IIardy.ston  quartzite  and  pos- 
sil)ly  the  Tomstown  limestone  are  to  be  seen  in  the  area  described  in 
this  rejiort.  Generally  the  formations  appear  at  the  edges  of  the 
Martin, sburg  shales,  Avhere  their  occurrence  is  due  either  to  the  normal 
sequence  or  to  faulting. 

The  general  sti'uetnre  of  these  sediments  is  a monocline  dipping 
northwest.  In  a northward  route,  the  observer  thus  traverses  a series 
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of  rocks  wliieh  are  encounterc'l  in  the  order  of  their  deposition.  Tht‘y 
are  intensely  folded,  tlie  axes  of  tlie  folds  extending  hoth  parallel  and 
at  right  angles  to  the  general  axis  of  the  Appalachian  mountains,  hut 
the  strike  is  more  commonly  northeasterly  than  otherwise  and  the 
dip,  although  variable,  most  commonly  is  to  the  northwest.  This 
larger  structure,  which  may  lie  described  as  complexly  monoclinal,  is 
further  confused  by  faulting,  the  faidts  lieing  of  two  general  ty]ies. 
Some  of  the  fractures  are  jiarallel  to  the  general  strike  of  the  folded 
structures  and  represent  thrusts;  others  are  inclined  to  the  strike  of 
the  betls  at  marked  angles,  which  are,  however,  by  no  means  always  as 
high  as  90°,  and  produce  minor  oflisets  of  the  strata  along  their  strike. 
As  might  be  expected  where  the  beds  are  as  comiilexly  fokh'd  as  here, 
secomlary  cleavage  airl  jointing  are  also  well  developed. 

I )ET  V I L K I ) ST  It  AUG  1 1 .V  H V 

CAiimUAN  SYSTEil 

Hardystoii  Quartzite 

Descripiion. — The  beds  immediately  north  of  the  pre-Cambrian  rocks 
that  form  the  hills  at  Bethlehem  are  qnartzitie  sandstone  of  Camlirian 
age.  The  natne  Chickies,  or  rather  Chiqnes,  was  first  projtosed  for 
this  formation  by  Lesley  in  1892. In  New  Jersey,  this  has  been  called 
the  Ilardyston  quartzite."  It  is  a massive  sandstone,  locally  conglomer- 
atic or  slaty  and  generally  arkosic  (bearing  feldsjiar).  It  is  commonly 
I^itute-bearing  at  the  base,  and  as  it  contains  grains  of  feldsjiar  and 
pebbles  of  quartz,  isolated  cxposui'es  are  distingiushed  with  difficulty 
fi'om  the  su|)erficially  similar  acid  gneisses  of  ohler  age  on  whiclt 
it  rests.  Althoiigh  in  places  qnartzitie,  with  a distinct  secondary 
growth  of  quartz  envelo])ing  the  original  sand  grains,  it  is  elsewhere 
merely  a porous  sandstone  with  siliceous  or  even  calcareous  cement. 

(lenerally  this  formation  merely  forms  a portion  of  the  slopes  of 
the  highei’  land  underlain  by  older  rocks. 

The  Ilardyston  quartzite  lies  everywhere  unconformably  njion  the 
pre-Cambrian.  In  New  Jersey  its  thickness  has  been  estimated  as  not 
exceeding  200  feet,  but  changes  within  short  distances  along  the  strike.® 
In  the  Allentown  ipiadrangle  it  ranges  from  20  feet  near  Freemans- 
Imrg  to  300  feet  near  Emans.'^ 

Age  and  correlation. — Walcott'^  long  ago  reported  the  finding  of 
ScoJifJins  ]incari.'<  and  njiolifJiclInst  n}ican.s  in  these  beds  near  Keadiiig 
and  on  this  basis  the  strata  were  assigned  to  Cambrian  age.  Even 

Wesley.  J.  P..  A summary  description  of  the  geology  of  Pennsylvania:  Pa. 
Second  Geol.  Survey,  vol.  1.  p.  ]fi.5,  1892. 

Wewis,  ,T.  V..  and  Kuinmel,  H.  B..  The  geology  of  New  Jersey:  New  Jersey 
Dept,  of  Conservation  and  Development,  Bull,  if,  p.  44,  191.5. 

^Miller,  B.  D.,  Mineral  resources  of  the  Allentown  quadrangle,  Pennsylvania: 
Pennsylvania  Top.  <&  Geol.  Survey,  Atlas  206,  p.  26,  1925. 

WValcott,  C.  D.,  Notes  on  the  Cambrian  rocks  of  Pennsylvania  from  the  Sus- 
ciuehanna  to  the  Delaware:  Am.  .Jour.  Sci.,  3d  ser.,  vol.  47,  p.  39,  1894. 
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earlit-r  the  same  eonelusions  ivere  readied  by  Lesleys  More  recently  a 
sjieeies  of  Olenel/tts  has  lieen  found  in  the  sandstone,”  which  places  it 
detiiutely  in  tlie  Lower  Camlirian. 

No  locality  is  known  where  this  formation  aetnally  comes  in  contact 
with  the  Martinshnro'  slate.  It  is  not  seen  at  the  surface  in  the  areas 
mapjied,  hut  forms  the  basement  on  which  the  Cambrian  and  Camhro- 
Crdovician  limestones  next  to  he  described  were  laid  down. 

Caiiihi'ian  Ljiii(>stoiu>h 

.\omcuclafure. — The  Camlirian  limestones  have  been  distinguished 
h\  i\liller  , and  Peck‘d,  and  others.  They  have  been  generally  grouped 
together  with  the  overlying  more  higlily  dolomitic  limestones  under 
the  name  Kittatinny  limestone'  and  Shenandoah  limestone’",  names 
which,  although  not  strictly  synonymous,  nevertheless  served  conveni- 
ently to  designate  a thick  series  of  dolomitic  beds,  generally  jioor  in  fos- 
sils and  of  related  ages.  IMore  recent  study  by  Stose,  IMiller,  and 
others,  however,  has  facilitated  the  subdivision  of  these  beds  as  they 
occur  in  and  mmr  the  area  here  studied  into  the  following  three  forma- 
tions, in  descending  order:  Beekmantown  limestone,  Allentown  lime- 

stone, Tomstown  limestone. 

Of  these  the  lower  two  are  of  Cambrian  age,  the  upper  of  Ordovician. 

7 opogniphic  expression. — These  limestones  make  the  basement  of  the 
Apj)alachian  Valley.  The  rounded  yet  distinct  escarpment  marking  the 
noi'thward  extent  of  the  Beekmantown  and  the  two  lower  limestones 
rises  two  hundred  feet  or  so  above  the  general  level  of  the  valley  and  is 
very  cons])icuous  in  the  field  and  on  the  map. 

Tomstown  Liine.stone 

The  Tomstown  formation  was  given  its  name  by  Stose”  who  first  sei>- 
arated  it  from  the  other  members  of  the  Shenandoah  limestone  near 
V aynesboro,  Pennsylvania.  In  his  rejiort  on  limestones,  IMiller’-  ap- 
jdied  the  same  name  to  the  thousand  or  fifteen  hundred  feet  of  dolomitic 
limestone  overlying  the  Ilardyston  quartzite.  Peck”*,  however,  has  i>re- 
ferred  the  name  Jjeithsville  formation. 

The  Tomstown  limestone  is  a Itlue-gray,  sandy,  cherty,  oi‘  clayey  mag- 


■■'Lesley,  ,J.  P.  : Op.  cit.,  p.  16:1 

"Lewis,  .1.  W.  and  Kummel.  H.  B.  : Op.  cit.,  p.  45. 

■Jliller,  B.  L.,  personal  communication. 

'Peck,  F.  B..  Preliminary  report  on  the  talc  and  serpentine  of  Xorthampton 
(.’ouiUy,  etc.  : Top.  and  Geol.  Survey  of  Penns.ylvania,  Pieport  No.  5,  p.  25,  1911. 

■’Weller,  Stuart.  The  Paleozoic  faunas:  New  Jersey  Geol.  Survey,  Report  on 
paleontolog-y,  vol.  111.  p.  11,  1903. 

^"Mathews,  E.  B..  Correla.tion  of  Maryland  and  Pennsylvania  Piedmont  forma- 
tions:_  Geol.  Soc.  Am.,  Bull.,  vol.  16,  i).  340,  1905. 

**Stose,  G.  11'.,  U.  S.  i.leol.  Survey  Geol.  Atlas,  Xlercershurg-Chamhersburg. 
folio.  No.  170.  p,  5,  1909. 

’^Miller,  B.  L.,  Lime.stones  of  Pennsylvania:  Pennsylvania  Top.  & Geol.  Survey, 
Bull.  M.  7.  P.  106,  1925. 

*®Peck,  P.  B.  : Op.  cit.,  p.  25. 
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ue.siaii  limestone.  Its  lower  heils  are  said  to  eontain  a sandy  ])liase 
grading  downward  into  the  llardy.ston  (inartzite.  lligliei-  ii|)  llie  forma- 
tion l)eeomes  more  argillaeeons,  or,  having  been  folded,  shows  Ihinnm- 
sericitie  beds  dne  to  the  alteration  of  elayey  matter. 

This  limestone  has  an  estimated  thickness  of  a thousand  feet,  hut 
folding  and  fanlting  complicate  all  measurements. 

Xear  the  ty])e  locality  in  south-central  l^enn.sylvania,  Stose  reported 
the  fin  ling  of  a sin^cies  of  and  othei’  localities  from  which 

K i(for;/inia  and  OlvncUus  have  lu'en  collected.  Insofar  as  the  writer 
is  aware,  no  fossils  have  beim  collected  from  the  limestones  in  the  neigh- 
borhood of  the  section  hero  mapped.  If  it  is  true,  as  iMiller  maintains, 
that  the  lower  thousand-odd  feet  of  the  limestone  overlying  the  Ilardy- 
ston  are  the  equivalent  of  the  Tomstown  in  the  type  locality,  the  age 
of  the  rock  is  clearly  lower  Cambrian. 

.Allentown  Ijiine.stoiK' 

Tin*  Allentown  limestone^'’  has  been  so  namt*d  froiii  the  type  occur- 
rence at  Allentown.  Pennsylvania.  It  is  the  thickest  member  of  the 
Cambrian  series  in  the  region  studi(*d  and  by  far  the  most  commoidy 
seen  in  the  none  too  frequent  outcrops.  It  consists  of  limestone,  white, 
buff,  or  light  slaty  gray  in  color,  in  beds  which  vary  in  thickness  from 
three  inches  to  three  feet.  Chert  and  dint  nodules  are  not  lacking,  but 
are  rarer  than  in  the  Tomstown  limestone  ; highly  sericitized  layers,  also, 
are  less  generally  observed.  The  formation  contains  much  oolite  and 
shows  ripjde-marks  and  cross-bedding,  both  of  which  suggest  a shallow- 
water  origin.  A conspicuous  feature  is  the  ]')resenee  of  a siiecies  of 
Cnipinzoon.  jirobably  C.  prolifeiinn  : this  forms  large,  disc-like  bodies, 
aA'eraging  a foot  in  diameter,  which  are  almost  the  only  fossils  to  be 
found. 

This  formation  has  an  estimated  thickness  of  about  IbOO  feet. 

In  i.solated  localities  in  Xew  -Jersey  small  collections  of  fossils  have 
been  made  Avhich  clearly  indicate  the  uip)er  Cambrian  age  of  the 
Allentown  limestone;  in  southeastern  Penn.sylvania  only  one  form,  a 
LinguJella  resembling  L.  (tcu minafa , is  mentioned  by  Clricb."’ 

It  thus  apj)ears  that  there  is  a marked  hiatus  between  the  fossili- 
ferous  part  of  the  Tomstown,  at  least  in  southeastern  Pennsylvania, 
and  the  Allentown  limestone.  This  hkitus  a])])arently  represents 
middle  C'ambrian  time,  during  which,  in  south-c(*ntral  Penn.sylvania, 
the  Waynesboro  and  Elbrook  formations  or  their  (*(|uivalents  were 
being  laid  down.  A jirobable  disconfonnity  has  therefore  been  sug- 

”Stose.  G.  W'.  : Op.  cit..  p.  5. 

’■■'Wherry.  E.  T.  : The  early  Paleozoic  of  the  Lehigh  valley  district.  Pennsylvania: 
Science.  X.  S..  vol.  XXX.  ]i.  41 R,  1!»09. 

’■TUrich.  E.  O..  Revision  of  the  Paleozoic  systems:  (4eol.  Soc.  Am..  Bull  vol. 
XXII.  p.  R45,  1911. 
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gested  by  Ulrich,  who  states  that  during  the  middle  Cambrian  the 
area  from  the  Ilarrishui'g  axis  northward  remained  emerged. 

Although  typical  outcrops  present  clearly  differing  appearances, 
the  Tomstown  and  Allentown  limestones  are  distinguished  with  diffi- 
culty Avhen  seen  in  small  exposures.  Eecognizahle  Allentown  was  seen 
at  the  edges  of  the  section  mapped,  Imt  some  of  the  magnesian  lime- 
■stone  may  also  have  been  of  Tomstown  age.  As  this  report  deals 
primarily  with  the  slate,  no  attempt  was  made  to  separate  the  Toms- 
town and  Allentown  formations  and  they  are  mapped  together,  be- 
mg  indicated  by  the  same  symbol. 

A large  quarry  of  Cambrian  limestone  is  opened  in  the  Delaware 
Water  Gap  area  about  500  feet  south  of  the  Portland  postoffice  and 
cast  of  the  Delaware  Eiver  highway.  It  measures  300  by  200  feet  and 
is  75  feet  deep,  so  that  a good  section  is  exposed  to  view.  Although  no 
fossils  were  collected  here,  the  general  character  of  the  beds  supports 
a correlation  Avith  the  typical  Allentown  limestone.  The  quarry  face 
shoAvs  alternate  beds  of  dark  blue-gray  magnesian  limestone  and  light- 
gray  dolomite.  Both  types  of  rock  bear  black  flint  nodules.  Some  of 
the  rock  is  oolitic.  Occasional  shaly  layers  are  present.  In  thickness 
the  separate  layers  vary  up  to  five  feet,  the  average  being  I14  feet. 

Near  the  bottom  of  the  quarry  is  a bed  bearing  a small  form  of 
Cnjiozoon,  the  separate  “arches”  formed  by  this  organic  structure 
being  generally  about  one  inch  in  diameter.  Near  the  top  of  the 
quarry  a A’ery  thick  bed  I'ich  in  a much  larger  Crjjpfozoon  can  be 
seen  from  beloAV. 


n R T ) C ) \’  I r I A X SYS  T E AI 
Beekinanto’.Mi  Tjiinestone 

Xomeuclatnre. — A detailed  study  of  the  lithology  and  paleontology 
convinced  Weller  that  the  Kittatinny  limestone  of  New  Jersey  dis- 
played here  and  there,  below  its  irregularlj^  eroded  upper  boundary, 
a distinct  facies,  not  to  be  lunqied  Avith  the  AllentOAvn  u]iper  Cambrian 
(Ozarkian  of  Ulrich)  limestone,  but  possessing  rather  a fauna  closely 
allied  to  that  of  the  BeekmantoAvn  limestone  of  Ncav  York  localities. 
Nevertheless,  the  term  Kittatinny  Avas  retained  to  include  this  as  Avell 
as  the  Cambrian  limestones  already  described.^® 

Description. — The  rock  is  a blue-gray  dolomitic  limestone,  slightly 
darker  than  the  AllentoAvn  formation.  It  is  more  massiAT  beloAV, 
more  thinly  bedded  above,  and  becomes  progressively  leaner  in  mag- 
nesia iqiAvard.  EdgeAvise  conglomerate,  consisting  of  slender  frag- 
ments of  buff-colored,  finely  crystalline  dolomite,  Avhicli  Aveathers  to 
a light  gray,  set  in  a matrix  of  dark,  occasionally  fetid,  more  coarsely 

’■Ulrich,  E.  O.,  Op.  cit..  p.  620. 

i^AA'^eller,  Stuart.  The  Paleozoic  faunas:  New  .Jersey  Geol.  Survey,  Report  on 
paleontology,  rol.  Ill,  p.  15,  1903. 
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crystalline  limestone  is  seen  in  some  beds.  A siliceons  ''■wash",  rorming' 


ealcareons  natnre  of  the  l>eekmanto-\vn  serves  to  distingnish  the  two 
lithologically. 

In  an  open  field,  abont  half  a mile  south  of  the  Portland  post- 
office  and  1.000  feet  west  of  the  Delaware  Kiver  highway,  fonr  (juarries 
have  been  ciit  into  limestone.  ( )f  these  the  northerniost  yielded  a 
fauna  of  Canadian  or  Upper  Ozarkian  age  and  thus  represents  the 
formation  as  here  described. 

This  quarry  shows  three  types  of  dolomitic  limestone,  alternating 
with  each  other.  Some  of  the  limestone  consists  of  Ijeds  three  feet 
thick,  showing-  edgewdse  conglomerate.  O21  the  fresh  surface  the 
color  is  uniformly  blue-gray,  the  matrix  slightly  darker  than  the 
fragments  of  conglomerate;  upon  weathering  the  edgewise  conglom- 
ei-ate  fragments  alter  to  bluish  while  the  matrix  becomes  a dirty 
bro'wnish-gray.  Interstratified  with  this  ty]ie  of  rock  is  a highly 
oolitic  and  slightly  fossiliferous,  bine-gray  magnesian  limestone,  which 
weathers  a light  blue-gray.  Fossils  were  collected  from  a thin,  some- 
what argillaceous  bed  in  this  limestone  facies.  This  second  type  of 
rock  makes  nj)  the  greater  portion  of  the  middle  of  the  exjiosure,  but 
alternates  irregadarly  with  the  more  massive  type  first  described. 

It  passes  by  almost  imi)erce]')tible  gradation  into  massive  dolomitic 
limestone,  light  stony-gi-ay  in  color,  in  beds  three  feet  think. 

Abont  ten  feet  above  the  bottom  of  this  exjiosure  a bed  containing 
poorly  preserved  fossils  was  found.  A collection  was  snl)mitted  to  the 
])aleontologi.sts  of  the  United  States  Geological  Survey  for  indentifica- 
tion.  Mr.  C.  R.  Resser.  after  a brief  examination,  pronoiinced  them 
Deekmantown  in  age.  dir.  E.  ().  Ulrich  reports  the  following  forms: 

EoortJus  gitsco)iaile)i.'iis,  Ulrich.  OpJnlefa  nnnjiesotvnsis.  Sardeson. 
Gasco'nudin  pafilln,  Sardeson. 

1 Irich  would  refer  this  limestone  to  the  upper  Ozarkian,  — probably 
Gasconade  or  (,)neonta.  It  would  thus  lie  slightly  lower  than  the  ty])ical 
Deekmantown  of  the  Champlain  Valley,  if  Ulrich's  interj^retation  of 
stratigi'aphic  equivalents  be  accepted'". 

This  formation  is  not  distinguished  on  the  basis  of  topograi^hy  alone 
from  the  Allento'wn  and  Tomsto'wn  limestones. 

The  formation  is  between  1.000  and  1.500  feet  thick. 

Age  and  correlation. — The  fauna  at  the  one  locality  mentioned  (Co- 
lumbia, X.  J. ) cf)usists  of  fifteen  s])eeies,  maiidy  trilobites  and  gastro- 
pods, — a typical  Canadian  assemblage.  Similar,  but  smaller  assemb- 

^^Ulrich,  E.  O..  Kevision  of  the  Paleozoic  systems  : Geol.  Soc.  Am.,  Bull,  vol  22. 
p.  27.  1911.  ‘ - -- 
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lages  are  to  be  seen  at  Catasauqua.-"  Pemisylvaina,  'where  i)leiirotoma- 
rids.  iVer bfiTas',' f;aid  ortboee' alius  .have  been  found  by  several  geolo- 
gisty.  ^ . 

This  limestone  has  been  called  by  Peck  and  others  the  Coplay  lime- 
stone-’, but  as  it  is  clearly  the  local  e<juivalent  of  the  Beekmantown  of 
yduv  York  both  lithologically  and  fauually,  the  ])ractice  of  Miller--, 
and  >Stose-'k  and  others  may  as  well  be  followed  a'lul  the  name  kteekman- 
town  retained. 

Miller  mentions  the  finding  in  tins  formation  of  a small  fauna  includ- 
ing the  following  : 

If clicofoma  sp.  Liospira  (?)  sp. 

Kiinfrophia  lateralis  Ophilefa  compla-nafa 

Profoivarthia  rossi  Ecc/jliopferus  volutafus 

— an  assemblage  correlated  by  Idrieh  with  the  Beekmantown  of  New 
YorlCk 

This  re])resents  the  lowest  Ordovician  sedimentation  recorded  in 
Ihe  region.  The  boundary  line  between  this  and  the  Alleidcwn  lime- 
sdone  being  i-ecognizable  Avitb  difficulty  where  at  all,  the  Beekmantown 
limestoiie,  also,  has  not  been  se]iarated  from  the  underlying  calcareous 
sediments  in  the  ]n'e]iai'ation  of  this  re])ort. 


Jacksonlnii'^  Ijiincsloiu* 

Description. — The  dacksonl)urg  fmanation,  also  called  Trenton  lime- 
stone by  Y’’(dler-\  because  it  contains  characteristic  Trenton  fossils, 
is  found  above  the  Beekmantown  magnesian  limestone  and  below  tlie 
Martinsburg  shale.  Tt  can  be  se])aratcd  into  two  parts,  designated  by 
Peek'-"  the  Xazareth  and  Lehigh  linucstones ; Miller  prefers  the  names 
Xisky  and  XTizai'eth  limestones-q  The  second  name  mentioned  in 
l)oth  cases  is  a])|)lied  to  the  younger  ]>art  of  the  formation.  The  lower 
])art  varies  from  fine,  rather  even  grained,  light  colored  to  coarsely 
ci\vstalline,  black  liuu*stones.  ft  is  aj)])roximately  75  feet  thick.  At 
the  base  this  I'ock  contains  fragments  of  the  underlying  dolomite, 
either  in  the  form  of  larger  boubbms  or  as  “fine,  clastic  material  ap- 
parently deidved  from  the  underlying  Kittatinny  limestone.”-'^  Such 

-UValcott,  C.  D..  Notes  on  the  Cambrian  rocks  of  Pennsylvania  from  the  Sus- 
quehanna to  the  Delaware;  Am.  .four  Sci..  3rl  ser.,  vol.  47.  p.  30.  1894:  Peck.  F.  B.. 
Preliminary  rejiort  on  the  talc  and  serpentine  of  Northampton  County,  etc.  : Penn- 
sylvania Toll  it  Oeol.  Survey,  Keport  No.  .9,  p.  27,  1911. 

-’Peck,  F.  I!.:  Op.  cit.,  p.  27. 

“Miller,  B.  B.,  Personal  communication,  1923. 

-‘Stose.  G.  'W.,  U.  S.  Geol.  Survey  Atlas.  Mercersliurg'-Chamliershurc:  folio- 
(No.  170  f,  p.  fi,  1909. 

-‘Miller.  B.  L...  The  mineral  pigments  of  Pennsylvania  : I’ennsylvania  Top.  &: 
Geol.  Survey,  Report  No.  4,  p.  19.  1911. 

-'Weller,  Stuart.  Op.  cit.,  p.  16. 

-'■'Peck,  F.  B.  : C»p.  cit.,  p.  27. 

-‘Miller,  B.  B.,  The  mineral  pigments  of  Pennsylvania  : Pennsylvania  Top.  & 
Geol.  Survey.  Iteport  No.  4,  p.  15,  1911. 

-^WAller,  Stuart:  Op.  cit.,  p,  17. 
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c-oiiglomeratie  jiliases  are  to  lie  seen  in  a pit  south  of  Portland,  Penn- 
sylvania. Tliis  lover  part  of  tlu'  .laeksonlnirg  or  'frenton  linie.stone  is 
very  ])iire  and  has  been  extensively  (piarried  for  lime,  although  oeea- 
sional  beds  are  niueh  higher  in  magnesia  eontent. 

\t  Jaeksonhui'g,  Xew  Jerse.A',  the  tyjie  Ideality,  the  fossils  of  tins 
roek  were  earefully  sttidit'd  by  Wi'ller.-''  Here  it  was  foiuiu  that  the 
lower  58  feet,  apparently  eorresjionditig  to  Peek's  Xazareth  limestone, 
bear  a fauna  distinet  from  the  U]')i'ier  (Pi  feet  and  of  Hlaek  llivt'r  ;ige. 

The  njiiier  part  of  the  -laeksoidnti'g  limestone  eontains  a Trenton 
fauna.""  The  roek  varies  from  drab  or  light  gray  to  a dark  blue-gray, 
almost  black  color;  the  latter  pi'e  lominat es  ;ind  is  esjiecially  character- 
istic near  the  to]i  of  the  formation.  Slialy  fracture  is  not  uncommon, 
but  in  places  sericite  has  formed  and  well  develo])e(.l  cleavage  is  si'en. 
so  that  the  beds  break  “into  liroad  flat  jiieces,  having  a distinct  irri- 
deseent  sheen  in  the  cleavage  surface”  which  Peek  attrilmtes  to 
flakes  of  gra])hite."'  ronsiderahle  difficulty  is  in  fact  encountered  in 
the  field  in  distinguishing  between  these  u])permost,  dark  l)eds  of  the 
Jacksonlmrg  an  1 the  overlying  slate,  bi'canse  tlmy  are  alike  in  color, 
in  the  hue  a.s.sumed  on  weathering,  and  in  the  jiossession  of  a fairly 
well  developed  cleavage.  Apiplication  of  acid,  howevei',  di.dinguishes 
them  at  once,  as  the  dacksonliurg  limestone  efi'ervesces  readd.v.  Phy- 
siographieally.  too.  a line  may  be  drawn  at  the  top  of  the  .Prcksonbnrg. 
as  its  ready  yielding  to  the  solvent  action  of  water  develops  a slight 
bench  below  the  level  of  the  slate  hills  to  the  north. 

The  u]')]ier  ]>art  of  the  -Tacksonhurg  limestone,  the  Lehigh  limestone 
of  Peck,  has  a thickness  the  e.stimates  of  which  vary  betw(‘en  500  feet  ’- 
in  eastern  Pennsylvania  and  (i.'i  or  Sfl  feet  at  the  t.vjie  localit.v  in 
Xew  Jersey. 

At  Portland  a small  cpiarry  m:msuring  150  by  70  feet  lies  220  feet 
south  of  that  already  descrilied  as  ex]iosiug  a limestone  of  Beekman- 
town  or  slightly  greater  age.  About  100  feet  south  of  this  ipiarry  in 
turn  is  another  of  about  the  same  dimensions.  This  sliows  twenty 
feet  of  ])ure  limestone  in  flaggy  lieds  thri'e  feet  thick  at  most  and  more 
commonly  only  attaining  a thickness  of  six  inches.  Some  of  tlie  beds 
are  oolitic.  Dark,  well-formed  caleite  ci-y.stals  are  scattered  Throughout 
the  I'ock  and  the  fi’csh  surface  effervesces  readily  in  acid.  The  beds  are 
higldy  fossiliferous,  but  the  s}iecies  are  few.  Hr.  Plrieh  n [lorts  the 
identification  of  the  following  species: 

Sticfoporella  esiuna.  ririch,  Plianiopord  iiicipioi.^:,  Hlrich,  Pnchp- 
(licfjia  acuta.  Hall.  Dinarfhis  p(cti)U’Ua.  Hall. 

-AVeller.  Stuart:  Op.  cit.,  p.  16-38. 

•■’“Wener,  Stuart  : Op.  cit..  p.  37. 

^'Peck,  P.  B.  : Op.  cit..  p.  3fi. 

“-Miller,  B.  L..  The  mineral  pig'ments  of  Penusvlvania  : Pennsvlvania  Top.  iX 
Geol.  Survey,  Report  Xo.  1,  p.  Iti,  1911. 

“Weller.  Stuart:  Op.  cit.,  p.  18  et  seip 
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He  adds,  “So  far  this  association  is  known  to  occur  only  in  a lower 
Trenton  zone  in  the  vicinity  of  Watertown,  X.  Y.,  tlie  east  shore  of 
Lake  Champlain,  and  near  iMontreal,  Canada.  « * * 

Chani])lain  and  Canadian  localities  (it  lies)  in  the  limey  basal  Trenton 
with  dark  shale  of  Trenton  age  and  of  the  Martinsbnrg  type  close 
above  it.”  The  sequence  described  by  Ldrich  appears  to  be  in  close 
agreement  with  that  at  Portland. 

This  formation  forms  a terrace  abont  fifty  feet  lower  than  the  top 
of  the  slate  terrace  pro])cr.  In  many  places  -its  distribution  can  be 
mai)ped  from  this  feature  alone. 

From  what  has  been  said,  it  is  obvious  that  the  Jacksonburg  lime- 
stone attains  a thickness  of  as  much  as  550  feet,  of  which  the  lower 
member  is  50,  the  upper  500  feet  thick.  From  this  maximum,  the 
formation  dwindles  in  places  to  complete  disappearance.’ 

Age  and  correlation. — As  already  stated,  these  beds  are  partly  of 
Black  River,  partly  of  Trenton  age. 


Martinshuj'g  Formation 

General  description. — Upward  the  beds  of  the  younge.st  member  of 
the  Jacksonburg  limestone  become  more  and  more  argillaceous  and 
finally  lose  their  calcareous  content  altogether.  They  are  overlain  by 
a shale,  which,  through  pressure  is  in  most  places  altered  to  a slate. 
To  the  stratigra]’»hic  equivalent  of  this  formation  in  Maryland  the 
name  Martinsbnrg  shale,  suggested  by  Barton®’*,  has  been  ap- 
plied®'’. The  10, 000  feet  or  so  of  shale  and  slate  above  the  Jacksoidnirg 
limestone  are  here  given  the  same  name  because  they  appear  to  corre- 
spond stratigrai)hically,  faunally,  and  lithogically  with  the  Martinsbnrg 
foi'ination  as  described  in  (Maryland  and  New  Jersey®'*, 

Although  the  (Martinsbnrg  shale  is  sjioken  of  as  grading  downward 
through  a gradual  tra'nsition  into  the  Jacksonburg  limestone  and  the 
line  between  the  two  formations  is  difficultly  drawn,  it  is  believed  that 
where  expo.sures  are  adetiuate  the  boundary  of  the  sericitie  and  non- 
calcareous  beds  which  are  at  tlie  base  of  the  (Martinsbnrg  can  be  recog- 
nized with  certainty. 

The  formation  consists  of  a series  of  beds  of  shale,  largely  converted 
into  slate,  and  sa'iulstone,  with  occasional  lenses  of  lime.stone  near  the 
base.  By  far  the  greater  part  is  argillaceous,  as  even  the  sandy  beds 
bear  lenses  and  masses  that  were  originally  clay  though  now  altered 
to  sericite. 

Three  members  can  be  distinguished,  of  which  the  total  thickness 
measured  in  the  Lehigh  River  section  is  8,602  feet  and  in  the  Little 

“‘Darton,  X.  H.,  Xotes  on  the  stratig'raphy  of  a portion  of  central  Appalachian 
Virginia:  Am.  Geol.  vol.  X,  p.  13,  1892. 

^Ulassler,  R.  S.,  Cambrian  and  Ordovician:  Maryland  Geol.,  Survey,  p.  49.  1919. 

■■'“Bayley,  ’W.  S..  Salisbury.  R.  D.,  and  Kummel.  H.  B..  U.  S.  Geol.  Survey  Geol. 
Atlas,  R-aritan  folio  ("No.  191).  p,  11,  1914:  Spencer.  A,  C.,  and  others,  U.  S. 
Geol.  Survey  Geol.  Atlas,  Franlvlin  Furnace  folio  (Xo.  161),  p.  11.  1908. 
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Bushkill  seotioii,  low 45  feet.  The  average  of  these  two  seetions,  12,41s 
feef,  is  proliahly  too  high,  rather  tlum  too  low  an  estimate. 

By  far  the  larger  part  of  the  iMartinsburg  formation  is  distinctly 
shaly  or  slaty  in  eharaetei-.  The  lowest  member  is  a siliccons  and  thin- 
bedded  clay-slate  where  not  highly  altered,  or  a hard  bluish-gray  slate 
where  nietanior]ihisni  is  moi’e  extensive;  it  contains  occasional  boises 
of  dolomitie  limestone  near  the  base,  ami  becomes  sandy  higher  u]).  thus 
passing  into  the  middle  member  by  a gradual  transition.  The  middle 
member  is  highly  siliceous,  presenting  (piartzitic,  clay-slate,  and  slate 
phases;  the  sandy  lieds  are  generally  rich  in  carbonate  of  lime.  The 
upper  member  consists  of  thicker  beds  of  alternately  moi'e  carbonaceous 
and  more  sericitic  but  originally  argillaceous  material  now  wholly 
altered  to  slate. 


LOAVEST  OU  HATtD  SLATE  MEMBER 

Descripfioh. — The  loAvest  member  is  sandy,  yet  is  clearly  to  be  classed 
Avith  slate,  in  that  it  is  Amry  highly  argillaceous  and  in  most  exposui'es 
.shoAvs  Avell-deA’eloped  cleaA'age.  The  separate  beds  consist  of  alter- 
nating bands  of  more  sericitic,  more  carbonaceous,  and  more  siliceous 
material.  An  illustration  is  giA'en  in  Plate  111.  A.  Beds  of  the  first 
type  are  Avider,  measuring  genei'ally  from  a <]uarter  of  an  inch  to  three 
inches  in  thickness  and  rarely  exceeding  six  inches.  The  more  siliceous 
and  the  more  carbonaceous  bands  ai’C  ordinarilA’  less  than  half  an  inch, 
but  may  attain  as  much  as  four  inches  in  thickness.  Barely  this  mem- 
ber shoAA’s  thin  lenses  of  calcareous  sandstone;  this  effervesces  in  hydro- 
chloric acid,  although  the  .slate  itself  does  not  effervesce  at  all.  Such 
len.ses  are  be.st  seen  in  the  raihvaA'  cut  along  the  Avest  bank  of  Lehigh 
RiATr  a mile  north  of  Cementon,  out.side  the  area  ma]')ped. 

In  color  the  slate  is  blue-gray,  the  more  siliceous  beds  Avith  a faintly 
.silATiw  sheen,  and  the  earlionaeeous  beds  someAvhat  darker  than  the 
others.  Uimn  Aveathering  the  rock  becomes  lighter  in  color  and  as  the 
ferrous  coni])onnds  are  exjjosed  to  the  air  a A'eiy  long  time  the  charac- 
tenstic  gra.v  color  changes  to  buff  and  finall.v  rusty  broAAui  and  the 
slate  breaks  into  smaller  rhombic  ])ieces  or  separates  into  man.v  leaves 
no  thicker  than  a sheet  of  heaA’y  paper. 

Even  the  soft  rock  in  this  member  is  harder  than  ordinar.v  slate, 
so  that  the  junduct  has  come  to  be  knoAA'u  as  “hard  slate’’  among  the 
quarrymen.  The  area  in  Avhich  it  is  exposed  is  called  the  hai’d  ladt. 

As  the  boundary  between  a siliceous  bed  and  the  succeeding  argillace- 
ous layer  is  generally  ragged,  the  bedding  in  its  minute  detail  cannot 
be  spoken  of  as  regular.  XeA’ertheless,  in  a larger  sense  it  is  remarkabl.v 
uniform,  marked  thickening  Avithin  .short  distances  being  rare.  Yet 
instances  of  abrupt  thickening  and  thinning  are  not  wanting.  Occa- 
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PLATE  III 


A,  Typiciil  hard  slate,  from  lowest  nienrlKM-  of  the  Martinsliurg  formation; 
the  hloek  is  I’.o  feet  wide. 


P>.  Soft  slate,  showing  alternating  earlionaec'ons  and  serieitie  layers, 
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sicmal  liaml  s]x*ciiueiis  six  inches  wich*  sIkav  an  increase  in  a single 
bed  from  a thickness  of  one  to  one*  and  o'ne-halt  inches. 

llalf-rvay  betAveen  Seemsville  and  Ki'eidei-sville  a road  leads  sontb- 
westAAxird  from  the  bi^'lnvay  conneetiny  these  two  towns.  Here,  on  the 
east  side  of  the  road,  are  sandy  lenses,  varyino-  in  lenotli  !)etween  three 
and  eiji’ldeen  inches,  Avldeb  break  into  suban^nlai'  blocks  and  aia* 
stretched  out  parallel  to  the  well  developed  slate  Avhieh  snri'ounds 
them.  Although  their  ])reseut  form  is  leutienlar,  it  is  thought  that  this 
feature  is  largely  due  to  the  sipieeziug  effect  (d'  the  pressure  which 
simnltaueously  serieitized  tlu'  oi'igiual  shale  and  tore  apart  the  more 
sandy  beds  ( see  Fig.  2 ) . 


Figure  2.  Sandy  lenses  in  hard  slate,  exposed  between  Kreidersville  and 


For  a (leserij)tiou  of  the  mieroseoiue  apjie^arauee  of  this  member,  see 
the  section  on  the  ])etrology  of  the  slate  (p.  8S).  The  pet rogi-aphie 
descrijttious  given  for  the  slate  apply  almost  e<pially  Avell  to  any  of  the 
beds  in  this  meud)cr  although  those  ]tortio'us  worked  for  slate  geuei'ally 
hear  less  silica  than  other,  more  sandy  ]>arts.  lMetamor])hism  has  almost 
invariably  highly  serieitized  the  shale  Avith  the  development  of  second- 
ary eleaAmge,  Avhieh,  crossing  the  stratitieation,  makes  tlu'  bedding 
planes  recognizable  oidy  Avith  diftieidty  in  thin  sections.  The  cleav- 
age planes  are  better  (hwelopinl  in  tin*  originally  shaly  beds  than 
in  the  intei-vening  sandy  layers. 

In  the  nortliAvestern  ]>art  of  the  AllentoAvn  (luadrangle,  the  loAvest 
member  of  the  IMartinsburg  sIioaa’s  nnnsnal  lieds  of  thick  limestone. 
These  ai'e  aa'cII  exi)Osed  at  several  (piarries  about  a mile  east  of  Seems- 
ville and  again  in  smaller  ojieinngs  along  Catasampia  Creek,  F4 
miles  nortb  of  Weaversville.  A section  of  such  an  exposure  at  a 
large  rpiarry  one  mile  S.  70°  E.  of  Seemsville  sboAAnd  the  folloAving: 


S'eemsville, 


s:n.')- 
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Section  )icar  Seenisville. 

Feet 

9.  Surface  soil  tilled  with  slate  fragments 3 

8.  Slate,  (lark  blue-gray,  iron-stained  at  the  surface  and 
along  cracks;  (inartz-fille  I veins  parallel  to  bedding 

and  cleavage  6 

7.  Limestone,  massive,  light  blue-gray,  magnesian,  greatly 

shattered,  with  quartz  veinlets  4% 

6.  Slate  with  a few  thiji  lenses  of  limestone 3 

5.  Limestone,  thin  beds  with  small  amounts  of  inter- 
bedded  slate ; some  of  the  limestone  white,  crystalline, 

Avith  a fetid  odor  Avhen  broken  3 

4.  Limestone,  massive,  blue-gray,  magnesian,  consiflerably 

shattei-ed 3 

3.  Limestone,  tbin-be  lded,  some  layers  slightly  contorted  1^2 
2.  Limestone  blue-gray,  magnesiau,  in  fairly  thick  beds  . . 4 

1.  Limestone,  massiA’e,  magnesian,  in  which  stratification  is 

poorly  shown  ; not  fetid  ; blue-gray,  finely  granular  ....  18 
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Cryptozoon  AA^ere  obserA^ed  in  some  loose  blocks,  but  none  Avas  seen 
in  place.  Although  there  is  a sharp  line  separating  bed  8 from  bed  7, 
this  is  clearly  not  a fault  contact  and  the  relations  present  the  appear- 
ance of  a contimTous  sequence  from  top  to  bottom. 

Similar  relations  betvATen  typical  hard  slate  aboAm  and  massive  dolo- 
mitie  limestone  beloAV  are  seen  in  an  abandoned  quarry  south  of  a 
farm  house  0.6  mile  due  Avest  of  SeemsAulle  in  the  AllentoAAui  quad- 
rangle. 

Again,  as  the  road  along  the  east  bank  of  Catasaqna  Creek  is  fob 
loAA^ed  nortliAvard  froiii  the  main  higliAAmy  betAveen  Nazareth  and  IIoAver- 
toAvn,  the  Ioav  topograidiy  characteristic  of  the  Jacksonburg  lime.stone 
is  left  behind  and  about  750  feet  north  of  the  higliAAmy  slate  is  seen  in 
the  road  cut.  Fifty  feet  farther  north,  blue-gray,  fine-grained,  dolo- 
mitie  limestone  is  exposed.  Similar  rock,  but  ]>artly  lighter  iji  color  and 
fetid  AA'hen  broken  open,  is  seen  in  the  stream  Auilley  to  the  AA^est,  but 
about  100  feet  north,  slate  ontcrojAS  in  the  road. 

From  this  and  similai'  occurrences  it  is  CAudent  that  the  a]Apearance 
of  irregularly  distributed  lenses  of  blue-gi’ay  magnesian  limestone  and 
AA^iite,  more  coarsely  crystalline,  and  fetid  limestone  are  not  to  be  at- 
tributed to  deformation  but  to  A^ariations  in  primary  sedimentation 
during  early  Marlinsburg  time.  Quarries  in  the  area  mapped  at  Avhich 
such  limestone  is  exposed  are  located  at  the  folloAving  places  in  addition 
to  those  already  mentioned  : 
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1.  A ([uarr_\'  iiortli  of  the  road  between  Kreidersville  tuid 

Se(‘nisville  ami  0.‘2  mile  west  of  the  latter  village. 

2.  Two  (intirries  in  the  hill  sh.»pe  east  of  the  chureh  that  is 

O.S  mile  east  of  Seenisville.  These  two  ([mirries  tire 
about  1)0(1  feet  apart. 

3.  A Itirge  opening  on  the  west  side  of  the  roa  1 along 

Catasauqua  Creek,  half  a mile  noi'th  of  the  Xazaretii- 
1 1 ow(‘i'tow]i  1 1 igh  wa  y. 

4.  A small  o])ening,  1,()()0  feet  west  of  the  hist  site  men- 

tioned. 

5.  A small  opeidng  exqxising  a bed  of  the  white,  fetid  lime- 

.stone  (iOO  feet  east  of  site  3,  above;  this  i>it  is  on  the 
hillside  east  of  the  main  valley  and  north  of  the  small 
stream  whieh  here  enters  Catasamiua  Creek  from  the 
east. 

6.  Two  small  openings  on  the  hillside  east  of  Catasauqua 

Creek  O.S  mile  southeast  of  Seenisville. 

In  at  least  one  instance  folding,  which  ninst  have  antedateil  the  de- 
velopment of  cleavage,  was  seen  in  the  hard  slate.  On  the  dump  of 
the  Graber  qnan-y,  aliout  a mile  due  west  of  the  Chapman  ipian-ies,  a 


Figure  3.  Sketi’h  of  lilock  of  slate,  ishowing  folding'  jirevious  to  the  develop- 
ment of  cleavage.  The  surface  <d'  the  ]iage  is  parallel  with  the 
cleavage.  (Iraher  quarry. 

block  measuring  three  feet  by  one  foot  was  found  showing  drag-like, 
minor  folds  affecting  a series  of  beds  altout  six  inches  thick  and  bounded 
above  and  l)elow  by  undisturbed  stiaita  (Fig.  3).  Sucb  folds  were 
probably  formed  while  the  muds  were  being  deposited. 

The  lowest  memltei'  of  the  iNIartinsburg  formation  is  best  studied  in 
the  slate  quarries.  Extensive  exposui’es  have  also  been  made  by  road 
cutting  on  the  Ihuigor  liighway  along  the  first  two  miles  north  of 
iMartins  Creek,  on  the  wi'st  bank  of  Delaware  Ivivi'r  one  niih'  north  of 
Delvidere,  and  along  Duslikill  Creek  from  Haynes  i\lill  to  Belfast. 

The  hard  slate  underlies  surfaces  whieh  rise  to  200  and  )!00  feet  abovi* 
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tlie  limestone  valley.  This  member  forms  the  front  of  the  slate  ter- 
race and  a southward  facing'  esearimient  mai-ks  its  southern  boundary. 

The  sevei'e  eoutortions  of  the  strata  and  the  difficulty  encountered 
in  atteni])ting’  accurate  restoration  of  the  structure  where  recumbent 
folds  are  so  common,  as  well  as  the  intense  thickening  and  thinning  ac- 
tually observed  in  small  exposures,  suggest  that  the  most  careful  meas- 
urements of  thicknesses  are  to  be  regarded  as  scarcely  better  tlian  esti- 
mates. The  thickness  of  detailed  sections  of  the  lowest  (hard)  member 
of  the  iMartimsburg  formation  measured  along  Little  Bushkill  Creek  is 
5,(180  feet,  and  along  Lehigh  Liver  is  4,262  feet.  The  average  of  both 
measurements  is  4,046  feet. 

These  two  sections  are  much  alike.  (On  Delaware  Liver  the  lowest 
(hal'd  slate)  member  of  tlu>  iMartimsburg  is  about  5,210  feet  thick. 

Aue  and  correhiiion. — There  is  no  conclusive  evidence  as  to  the  exact 
age  of  this  member  in  the  region  here  discussed.  Though  diligently 
searched  for,  no  fossils  were  found.  The  severe  eonijiression  to  which 
the  shale  was  subjected  aud  the  conseipient  reerystallization  prohibit 
the  ])reservation  of  fossils  at  any  place  except  where  cleavage  and 
bedding  are  strictly  |)arallel.  A few  graptolites  have  been  found  in 
what  ap])ears  to  be  the  stratigra])hic  ecpiivalent  of  this  memher  of  the 
ru'artinshurg  in  the  neighborhood  of  llarri.sburg.  Tn  New  Jersey,  where 
the  three  members  of  the  formation  have  not  been  differentiated,  a 
fossiliferous  locality  in  the  vicinity  of  Branchville,  Sussex  County,  “a 
short  distance  above  the  Trenton  limestone”  is  described  by  Weller.^'’’ 
The  rock  in  wliich  the  collection  was  found  is  not  described  and  a 
fault,  the  throw  of  which  is  not  given,  lies  between  the  Trenton  (Jack- 
sonburg)  limestone  and  the  slate,  hut  the  fossils  were  collected  in  a 
((uarry  and  the  jirobabilities  are  that  these  re])resent  the  slate-hearing 
beds  of  the  lower  member.  The  fauna  includes: 

l)i pJ (xjrapi  }if(  foltaccus,  (Lurch.  Ijtsiograptus  in  ucranafus,  Hall. 

1).  auf/ushfoliiis,  Ihdl  C\jrpiw:'d('s  cal pndaris,  Nich. 

I>(d inanclla  iesl  udinaria , Da. 

4'his  fauna  is  said  by  Weller  to  show  Normanskill  relationshijis.  At 
Jutland,  Hunterdon  County,  New  Jersey,  a somewhat  similar  assem- 
hlage  of  gra])tolites,  also  of  Normanskill  affinitii's,  was  found  in  beds 
that,  from  their  areal  relations  to  the  older  formations,  a])pear  to  rep- 
resent the  lower  member  of  the  (Martinsburg"'’h  More  recently  Idrich 
has  assigned  these  fossils  and  their  containing  beds  to  Trenton  time^'^. 

In  (Maiwland  the  lithologic  se(pience  does  not  closely  resemble  that 
given  in  this  re])oi't,  and  correlations  between  the  formation  in  (Mary- 
land and  the  Northani])ton  C'ounty,  l^ennsylvania,  occurrences  are  not 

“'AVeller,  Stuart,  The  Paleozoic  faunas:  Ueport  on  paleontology,  vol.  Ill,  Geol. 
Survey  of  Xew  .Jersey,  p.  .52,  1903. 

■■‘WVeller,  Stuart:  Op.  cit..  p.  53. 

“^Ijewis,  .T.  V..  anrt  Kummel.  H.  B.,  The  geology  of  Xew  .Jer.sey  : Xew  Jersey 
Geol.  Survey,  Bull.  14,  p.  47,  1913. 
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lios.sible  on  the  basis  of  observations  yet  made.  Attention  is  dii-eeted. 
liOAveyer,  to  the  faet  tliat  a lowest  division  of  Trenton  and  T'tiea  aye 
is  reenyinzed''"  on  the  basis  of  nunierons  fossils. 

Tliese  observations  ayree  in  yeneral  with  a statement  l),v  I'lrieh  in  ;i 
personal  commiinieation,  “Aeeordiny  to  ])resent  views,  the  IMart insbury 
shale  inelndes  beds  of  Trenton  aye  in  its  lower  part." 

Katlier  than  ap|ily  a s])eeial  name  to  this  member  of  the  Martins- 
biiry  formation,  the  term  lowest  member  or  bar  1 slat(‘  m(md)er  will  be 
used  in  this  re])ort.  Idtimately.  however,  after  eonferenees  with  sti’ati- 
yra])hers  ae<piainte;l  with  this  reyion,  it  is  ])i-o])osed  to  desiynate  this 
and  the  stiper jaeent  divisions  with  loeality  natm‘s. 

MIDDLE  OK  SANDY  tMEMl'.EU 

Di'SCl’iption. — The  middle  member  consists  of  beds  of  serieitie  slate, 
less  eompletely  altered  elay-slate,  and  oeeasional  relatively  thick  beds 
of  .sandstone.  The  line  between  this  and  the  lower  member  of  the 
iMartinsbnry  is  hard  to  di'aw,  as  it  is  a matter  of  .ittdymenf  when  beds 
of  sandy  slate  less  typical  of  the  lower  member  betir  sufficient  sand 
■"o  warrant  placiny  thmn  with  the  overlyiny  subdivision.  It  may  be  ro- 
marked,  in  ])assiny,  that  this  uncertainty  in  delimitiny  the  middle 
member  is  doubtless  one  of  the  causes  for  the  variations  in  estimates 
of  its  thickness  fi-om  place  to  place. 

The  beds  most  characteristic  of  the  sandy  member  of  the  iMartins- 
bury  formation  are  blue-yray  sandstone  in  part  crossd)edtled,  which, 
upon  weatheriny,  develops  a buff-colored,  sandy  surface.  The  fresh 
specimen  almost  invariably  effervesces  with  hydrochloi'ic  ac'd.  but  is 
readily  leached  of  its  lime  content  when  (‘X])osed  to  surface  solution. 
Stringers  and  lenses  of  clay(‘y  matter  are  not  uncommon  in  these  beds, 
and  thin  layers  of  dark,  apparently  highly  carbonaceous  slate  occur 
between  the  thicker  beds.  These  more  slaty  beds  not  uncommonly 
show  fracture  cleavaye  fsli])  cleavay(*,  false  cleavage)  along  ])lanes 
striking  parallel  to  the  true  cleavaye  but  di|)piny  far  more  steeply. 
They  weather  into  alternatt*  bands  of  buff  an  1 liyid  blue-yray,  sandy 
slate,  shoAviny  very  conspicuous  banding.  As  this  member  is  notaltly 
aretiaceous,  the  soil  above  it  is  commoidy  highly  sandy,  in  contrast  Avith 
that  formed  fi'om  other  |)oi'tions  of  the  slate  formations,  and  bears  upon 
it  chi]As  or  eA'cn  blocks  of  ])oroiis  .sandstone  of  a shadt'  about  that  of 
cured  tobacco.  Such  frayimmts  ditfer  noticeably  from  those  of  the  more 
truly  slaty  members  of  the  formation  in  that  they  are  more  m*arly 
eqtiidimensional,  a fair  rei)res(>ntation  of  their  form  being  yiveti  by  a 
block  measuring  1 by  3 l»y  3 incli(*s,  Avhereas  the  flakes  fi-om  the  more* 
slaty  members  more  commonly  measure,  for  comparabh'  sniT'aces,  say, 
ti  fpiarter  of  an  inch  in  thickness. 

In  addition  the  remarkaltle  resistant^'  of  these  beds  to  erosion,  in  com- 


““Ba.ssler,  R.  S.,  Canilirian  amt  Ordovician:  Vlaryland  Geol.  Survej',  p.  107,  I'Jl'J. 
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pai'ison  Avitli  the  slate,  is  such  tliat  the  area  underlain  liy  them  gener- 
ally rises  50  to  60  feet  al)ove  the  general  level  of  the  country,  the  surface 
declining  both  to  the  north  and  south.  The  general  region  underlain 
by  this  member  of  tlie  IMartinsburg  formation  is  thus  recognizable 
sujierficially  by  its  greater  relief,  and  ni)on  close  scrutiny  of  the  sur- 
face by  the  many  chips  that  are  mixed  with  the  sandy  soil.  Care  must 
be  used,  however,  in  applying  these  criteria. 

The  typical  appearance  of  the  beds  of  the  middle  member  can  best 
be  seeii  in  the  cnt  of  the  Delaware,  Lackawanna  and  Western  Rail- 
road, a quarter  of  a mile  south  of  Ramseysburg  on  the  eastern  side  of 
Delaware  River,  and  again  three-quarters  of  a mile  north  of  the  village 
of  Delaware  on  the  same  side  of  the  river.  They  are  also  well  exposed 
along  the  81ate  Delt  Electric  Raihvay  half  a mile  north  of  the  Central 
School,  which  is  3 miles  south  of  Wind  Gap. 

The  ujipeianost  ]>ortion,  pi'obably  representing  250  feet  in  thickne.ss 
— which,  however,  coidd  not  lie  accurately  measured,  because  nowhere 
continuously  exposed — is  exceptionally  massive  sandstone  in  beds  up 
to  three  feet  thick.  The  rock  is  of  a moderately  dark  slate-gray  color, 
weathering  to  a light  tobacco  brown.  It  consists  of  a fairly  clean 
sand,  between  the  grains  of  which  are  ferruginous  calcite  and  dolomite. 
Even  in  this  rock,  conqiression  has  been  so  severe  as  to  produce  seri- 
citization,  in  places  to  .such  an  extent  that  cleavage,  rather  than  bed- 
ding determines  the  form  of  isolated  blocks.  Layers  of  .slate  4 inches 
or  less  in  thickne.ss  locally  sejiarate  the  more  quartzose  strata. 

These  lieds  are  seen  in  the  Elatington  quadrangle  where  the  Lehigh 
and  Xew  England  Railroad  tracks  cross  those  of  the  Lehigh  A^alley 
Railroad  about  three-<piarters  of  a mile  south  of  the  station  at  Slating- 
ton  ; this  ontcro]i,  however,  lies  beyond  the  boundaries  of  the  area  here 
described.  Apparently  the  same  seivies  of  beds  is  exposed  on  the  slope 
rising  southward  about  a quarter  of  a mile  south  of  the  East  Bangor 
jiostoffice. 

In  sediments  laid  down  in  relatively  shallow  water,  vdiere  sandy  and 
clayey  laminae  or  lensi's  alternate  in  close  succession  and  where,  in  ad- 
dition, the  beds  have  Ix-en  badly  contorted,  the  cori'elation  of  strata  over 
lai'ge  areas  is  fraught  vdth  serious  difficulties.  This  is  especially  true 
where,  as  hei-e,  metamoiqihism  has  obliterated  i-ecoi-ds  of  life,  and  where 
outcrops  are  rai'e.  It  should  be  born  in  mind  also  that  much  minor 
thrusting  ]iresumably  took  ]>lace  when  tlie  Alartinsburg  slate  suffered 
its  severe  deformation  and  that  these  more  sandy  layers  may  well  have 
sheared  over  the  intervening  pla.stic  clays,  so  that  faulting  here  with 
gap,  yonder  with  overhqi,  and  elsewhere  even  with  several  repetitions  is 
not  improbable.  Nevertheless,  the  rough  continuity  of  the  upper,  ex- 
ceptionally  sandy  beds  ajipears  to  be  not  inqirobablo. 

Locally  similar  rock  is  seen  elsewhere  at  stratigraphically  loAver 
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horizons.  Thus  a quarter  of  a mile  nortlnvest  of  Kreidei'sville  (Allen- 
tOAvn  .slieet)  in  the  valley  of  Indian  Creek  and  east  of  the  bridge,  large 
blocks  of  blue-gi-ay  calcareous  sandstone  are  exposed.  Again,  along 
the  Slate  Belt  Electric  near  (i’entral  School,  in  the  locality  already 
mentioned  above,  some  outcro])ping  beds  are  exce])tionally  thick  and 
very  sandy.  About  lYi  miles  north  of  Chaiunan  Station  on  the  Le- 
high and  Lackawanna  Railroad,  massive  sandy  beds  occur.  There  is. 
in  fact,  a strong  suggestion  that  massive  sandy  beds  characterize  the  low- 
est part  of  the  middle  member  of  the  hlartinsbin-g,  just  as  they  also 
mark  the  uppermost  portion,  with  more  slaty  layers  between.  Heavy 
sandstone  with  thin  beds  of  shale  are  also  seen  in  the  valley  of  lloken- 
dauqua  Creek  about  a mile  S.  4.")°  E.  from  Aonngsville  (^\ind  Ca}> 
sheet)  and  on  the  road  between  Emanuelsville  and  Point  Phillip, 
three-quarters  of  a mile  east  of  the  former  town. 

OccasionalL’  lenses  of  slate  of  sufficient  thickness  and  cleavability  to 
liave  been  worked  in  the  ]uist,  ai)pear  in  the  belt  of  country  unilerlaiu 
by  the  middle  mendier  of  the  iMartinsburg  formation.  The  slate  is 
said  to  be  somewhat  softer  than  hard  belt  slate,  and  it  has  the  ])apery 
weathering  chai'acteristic  of  the  slate  of  Pen  Argyl  and  Bangor  but 
the  beds  are  thin  and  the  “ribbons”  too  close  together  to  justify  map- 
ping it  in  the  soft  belt.  The  two  small  areas  in  which  this  slate  has 
been  (quarried  are  therefore  separately  indicated.  One  is  the  Batt 
quarry,  one  mile  southwest  of  i\Iillers,  Wind  (laj)  quadrangle;  the 
other  is  an  old  opening  now  tilled,  al)out  a mile  west  of  -lohnsonville 
in  the  Delaware  Water  Gap  area. 

Of  the  inembers  of  the  hlartinslmrg  formation  these  sandy  beds  are 
the  most  resi.stant  to  erosion.  The  land  under  which  they  lie  therefore 
rises  to  elevations  of  600  feet  in  the  neighborhood  of  Delaware  River 
and  even  to  850  feet  in  the  western  part  of  the  Wind  Gap  (piadrangle. 
so  that  the  summits  differ  in  altitude  from  the  general  elevation  of  the 
hard  and  soft  .slate  belts  to  the  soulh  and  north  by  as  much  as  75  or 
100  feet  (See  Plate  I,  C and  IV.  A).  Steep  cliffs,  nan-ow  gorges,  and 
small  rapids  mark  the  course  of  the  streams  through  this  sandy  belt 
of  the  iMartinsburg. 

The  thickne.ss  of  the  middle  memlier  of  the  iMartinsburg  formation 
was  measured  along  the  Little  Bu.shkill  Creek  and  along  Lehigh  River. 
The  former  section  gave  a thickness  of  5700  feet,  while  the  thickness 
on  the  basis  of  measurements  made  in  the  latter  section  was  27d0 
feet.  As  these  measurements  are  only  the  best  approximations  avail- 
able, because  of  the  discontinuous  exj)osures  and  the  severe  folding, 
the  actual  thickne.ss  may  be  assumed  to  lie  somewhere  between  the 
two.  In  a general  way  it  ap]>ears  that  beds  of  the  massive,  calcareous 
sandstone  in- this  member  become  more  numerous  westward,  and  that, 
moreover,  the  entire  sandy  member  of  the  iMartinsburg  formation 
gains  greater  thickness  in  that  direction. 
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I'LATi-::  IV 


A.  Topofiraiihy  typical  nf  the  lower  liaid  slate  ineinher  : lookiii"  north  t<iward 
V\'hit('s('ll  (piarry  1’i'oin  .Xorthaiiiptoii  Idectric  Ilailway  tracks;  Illne  Vlonn- 
tain  is  in  Ihe  liackground. 


It,  Slrippin.i;  of  .ulacial  till  Id  feet  thick  al  ('olmnhia  Itanfior  (piarry. 


Afic  (iirl  corrchifion. — Of  the  three  imdiiliers  into  wliieh  it  is  ]tossible 
to  s(‘])arate  the  iMartinslniro'  in  this  reo'ion,  only  the  middle  member 
yielded  fossils  and  even  these  were  in  a ])Oor  state  of  jireservation. 
So  (*xt(‘nsively  nietamoi‘|)hos(*d  is  this  rock  that  even  here  the  merest 
tract's  of  organisms  are  all  that  rtmiain.  A small  collection  made 
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west  of  tlie  area  ma])|)ed,  but  iu  beds  that  are  muiuestionably  the  west- 
ward continuation  of  tlie  niiddJe  member,  was  sent  to  the  Tdnited  States 
(reological  Survey.  iMr.  E.  ().  Ulrich  re])orted  that  the  impressions 
were  too  ini])erfect  for  ])ositive  identification  but  that  they  ai'e  ])rob- 
ably  valves  of  an  I^i)])er  Ordovician  orthoid.  The  specimens  were 
i-ollected  5 miles  southwest  of  Slatiuyton  from  a locality  one  ndle 
west  of  Newside  (Layton  Farm). 

Of  the  four  subdivisions  of  the  IMartinsbiir;.;'  recognized  in  iMaiyland, 
the  lowest,  as  alreaily  mentioned,  is  of  Trenton  and  ])robable  Utica 

age,  the  second  of  Eden,  and  the  third  of  lower  IMaysville  age.  If  the 
lowe.st  division  in  Maryland  corres])onds  to  the  lowest  meml)er  of  eas- 
tern Pennsylvania,  the  Maryland  equivalent  of  the  Eden  would  seem 
to  be  at  least  in  part  correlated  wuth  the  middle,  sandy  member  of  the 
Martinsburg  as  seen  in  Xortham])ton  county.  Lithologically,  how- 
ever, the  resemblance  between  the  latter  and  the  lower  IMaysville  cor- 
relative in  Maryland  is  striking.*"  It  is  not  impossible  that  the  middle, 
sandy  memher  of  the  (Martinsburg  in  eastern  Pennsylvania  is  thus  of 
Eden  and  lower  Maysville  age. 

In  the  Mercersburg  region  of  southern  Pennsylvania,  »Stose**  reimrts 
a two-fold  division  of  the  (Martinsburg  formation,  the  u]>per  member 
corres])onding  lithologically  to  the  Maryland  Eden  and  bearing  a 
similar,  though  not  identical  fauna. 

In  Xew  Jersey,  Weller*-  long  ago  inferred  that  the  “Hudson  Kiver 
shale’’,  nqw  called  Martinsburg,  is  the  time  e(piivalent  in  ])art  at 
least  of  Uica  and  Lorraine.  Ifis  conclusions,  therefore,  are  not  in 
0])position  to  referring  the  middle,  sandy  member  of  the  Martinsburg 
to  Eden  age,  which  is  here  accepted. 

Xo  siieeial  name  derived  from  the  ty]ie  locality  is  ap]»lied  to  this 
member.  The  beds  included  in  it  are  here  referred  to  as  the  middle 
or  sandy  member  of  the  IMartinsburg  formation. 

Fi’i'Ei;  OK  SOFT  SLATE  *me:mi;ek 

Description. — The  uiipermost  member  of  the  (Martinsburg  formation 
is  a banded  rock,  showing  thick  beds  of  light  bluish-gray  slate  alter- 
nating with  thinner  beds  of  almost  black  slate;  between  these  more 
tyjiical  slate  beds  are  occasional  sandy  layers,  somewhat  calcareous. 
Comsiderable  thicknesses  of  the  more  sandy  beds  are  seen,  but  these 
are  much  less  in  the  aggregate  than  the  more  strictly  slaty  strata. 

Ill  detail  the  thicker  beds  of  slate  are  for  the  most  part  of  a light 
blue-gray  color,  without,  however,  being  uniformly  of  one  slunh*.  There 
are,  in  fact,  all  gradations  between  a light  blue-gray  slate  and  an  al- 

‘"Bassler,  R.  S.,  CamVirian  ami  Ordovician:  llarvland  Geol.  Survey,  p.  1.57  & 

pp.  167-168,  1919. 

■*^Stose.  G.  W,,  iMercersburg'-Cliambersburg'  Folio  : U.  S.  Geol.  Survey,  Cteol.  Atlas 
of  the  United  States,  Polio  Xo.  170,  p.  10,  1909. 

■*-Weller,  Stuart,  A preliminary  report  on  the  Paleozoic  formiations  of  the 
Kittatinny  valley  in  X^ew  .ler.sey:  Geol.  Surv.  of  X^ew  .Jersey.  Ann.  Kept,  for  the  year 
1900,  pp.  5-7,  1901. 
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most  coal-black.  Two  beds  of  gTeeiusli-gray  cliloritic  slate  are  con- 
stant features  in  tlie  series  and  serve  as  horizon  markers:  altlioiigli  of 
an  nniisnal  olive-green  color  on  fresh  fracture,  they  become  a con- 
spicuous lig’lit  slate-g'raj"  on  Aveathering’  and  are  known  by  the  quarry- 
men  as  the  gray  lieds.  Tliese  and  tlie  more  typical  light  slate-colored 
beds  alternate  Avith  the  darker,  more  carbonaceous  layers,  called  rib- 
bons l)y  tlie  quai'rymen,  so  that  an  exposure  of  such  slate  bears  a 
banded  a])])earance,  formed  by  alternate  light  and  dark  beds.  This 
is  illustrated  in  Plate  III,  B. 

There  is  a strong  suggestion  of  i-elation  l)etAA^een  the  dark  and  light 
beds.  It  Avas  thought  in  the  beginning  of  these  studies  that  an  ab- 
normally thick,  dark  bed  normally  folloAved  each  thicker  band  of  ligh.t- 
colored  slate  or  big  betl,  but  this  cannot  be  unequivocally  substantiated 
Avhen  accui-ate  measurements  are  taken.  Tims,  t.AA^enty-five  carefully 
measured  sections  yielded  the  folloAAung  results: 

Number  of  cases 


Thick,  light  bed  i)receded  by  thick,  dark  bed  8 

Thick,  light  bed  folloAved  by  thick,  dark  bed  HI 

Thick,  light  bed  not  associated  AAuth  thick,  dark  bed  ...  12 


Fi.n'ure  4.  A-( Sketcbes  sljowiiit;'  irre.!;ularitie.s  in  lieddiiis;  in  the  carbonaceous 
biA'Ci’s  in  slate  su.ggestiAX'  of  intrafornialionul  conglomerates;  B.  is 
from  the  Bangor  Central  (inarr.w  A and  C from  the  North  Bangor 
(inarr.v.  1 ».  1 riA’gularities  in  slate  from  Consolidated  No.  1-Star 

cjuai'r.A’.  All  unshaded  parts  are  of  normal  light  slate  color,  except  as 
indicated. 

In  ])laces,  flakes  of  the  darker  beds  are  enclosed  like  the  fragments 
of  an  edgeAvise  conglomerate,  in  a matrix  of  a lighter  color.  This  is 
Avell  illustrated  in  the  North  Bangor  and  Bangor  Central  quarries. 
Examples  are  shoAAm  in  the  sketches  in  Figure  4.  These  cases  are 
divisible  into  tAvo  groups, — one  in  AAdiich  the  isolated  pieces  are  len- 
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ticiilai'  and  the  subjacent  beds  sliow  no  gaps  into  ^vllicb  tb(*y  might 
tit,  tile  other  Avhere  the  isolated  pieces  are  sharply  angular  at  their 
ends  and  apiiear  torn  from  their  original  jiosition  by  slight  tectonic 
movements.  IJoth  of  these  types  of  fragments  are  illustrated  in  the 
drawings.  They  may  he  due  to  one  of  three  ])rocesses:  (1)  small- 
scale  faulting  after  all  the  beds  were  well  consolidated  and  had  long 
been  laid  down,  (:2)  irregularities  in  ])rimary  deposition,  or  (d) 
slnni])ing  or  other  settling  movements  incidental  to  ]irimary  deposi- 
tion but  taking  ])lace  after  sufficient  hardening  of  the  deformed  lay- 
ers to  ])ermit  them  to  act  as  competent  beds.  In  most  cases  the  latter 
seems  to  he  the  best  ex])lanation,  hut  the  occasional  flakes  of  black, 
highly  carbonaceous  material  which  lie  in  jilaces  imbedded  in  slate  of 
a totally  different  color  and  nature  may  reiiresent  mere  irregularities 
in  deposition. 

Scattered  throughout  the  seipience  of  this  upper  member  are  I’elative- 
ly  thin  beds  of  calcareous  sandstone,  contrasting  in  ma.ssiveness  with 
the  better  cleaving  slates.  These  rarely  ai>proach  the  heavier  slate 
beds  in  thickness.  They  present  the  a])i»eai'ance  in  miniature  of  the 
ba.sal  sandstone  that  should  be  anticipated  beneath  a shale  where  the 
order  of  sedimentation  is  that  consonant  with  an  encroaching  sea.  The 
quarrymen  call  such  sandy  layers  hard  I'olls,  In'cause  of  their  resist- 
ance to  steel.  They  are  almost  invariably  followed  in  deposition  l)y 
exceptionally  thick  beds  of  the  lighter-colored  ])hase  of  slate,  as  thougli 
there  were  indeed  a gtmetic  relation  between  the  two.  This  relation 
is  shown  in  the  following  table  of  some  typical  thickness  measurements: 

Comparison  of  thickness  of  slate  and  sandstone  layers. 

Light  gray  Basal  sandy 


Xame  of  bed 

.slate  part 

]iart 

Indies 

Indies 

Big  bed,  Albion-Bangoi-  quari’v 

60 

4 

Big  be  1.  Llioenix  quan-v  

7 

Big  bed,  Bhoenix  (piai'i'v 

of) 

3 

Bed  bed,  Xew  Diamond  (pmrrv 

08 

9 

Big  bed,  Xortham])ton  ipiari'v  

07 

15 

Big  bed,  Xorthampton  (piarrv 

82 

31 

Middle  big  bed,  Oolnmbia  Bangor  (piarry 

121 

9 

Xorth  Bajigor  Xo.  3 lug  bed,  Bangor  A"ein 
quarrv  

i:)3 

35 

Occasionally,  as  in  the  case  of  the  Oenuine  big  bed,  Larsons  (puirry, 
an  alternation  r>f  light  and  dark  beds  inttu'venes  between  the  thick, 
light  gray  and  the  sandy  beds.  Again  occasioiially  a thinner  “hard 
roll”  will  be  followed  by  an  unex])ectedly  thin  l)ed  of  light-colored 
slate.  These  are,  hoAvever,  exceptions, 

Xot  uncommonly  the  sandy  beds  just  described  show  well-develope;l 
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cms.s-bedding,  especially  wlien  Aveatliered.  A striking  feature  is  the 
generally  'westward  dip  of  the  cross-bedding.  A sketch  of  a slab 
showing  such  cross-bedding  is  i)resented  in  Figure  5,  A.  This  evidence 


ss  " 


i 

i'i.ViK-c  T).  A.  S^ketcli  showiiiif  cross-lHMldiiig  in  sniidy  Ia,v(M's  in  s'.atc:  flic  liuiiinne 
dij)  west;  I’hocnix  (|uarry.  lU  Sketch  showing  iiTegnlarities  in  Iied- 
ding  suggesting  sliallow  wat(‘r  deposition:  slate  from  tlie  Consoli- 
dat(‘il  No.  1-Star  (piarry.  C.  Hippie  marks  in  sandy  layers:  the 
beds  are  inverted:  the  current  came  from  tlie  left  (east):  Bangor 
t'ein  (piai'ry. 

of  the  shallow-water  oi-igin  of  the  sandy  layers  is  well  shown  in  most 
of  the  “hard  rolls’’  of  the  soft  belt  quarries,  (dther  sandy  beds  show 
current  ripple-marked  ujtiier  surfaces,  as  is  seen  in  Figure  5,  C the 
currents  having  come  from  the  east. 

As  the  sandy  layers  are  not  greatly  recrystallized,  lieeause  of  the 
high  quartz  content,  cleavage  in  them  is  only  ])Oorly  developed  in  com- 
]>arison  with  that  in  the  slate. 

In  f)iie  case  a minor  unconformity  of  an  intraformational  nature 
was  observed  in  a loose  block,  as  shown  in  Figure  6. 


s/afy 


laminatQ^  ^andy2 
and  slaty  -■ 


Slightly  sandy 


J 


yy^/^yo^lsh gn^y, •sandy,  •’ ; ^ 

dark,  slaty  gray 


Uigurt'  (i.  Intraformational  unconformity  in  hlock  of  .slate  from  Kinney  quarry. 
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Locally  in  this  ui)])ennost  niemhei'  of  the  iMartinshurg-  formation 
there  are  beds  of  pure  ealcdte,  now  coarsely  crystall im*.  They  ai'c 
p-enei'ally  veiy  thin,  s(ddoni  moi-e  than  half  an  inch,  'flic  (|uari'ymen 
S[)eak  of  them  as  silvcn'  i-il)bons  or,  when  the  slate  breaks  parallel  to 
them,  as  loose  i-ibhons.  Karely,  as  in  tlu>  bottom  of  the  .Tack'son-1  lanyor 
Xo.  6 (inarry,  have  they  been  minutely  fractured.  These  calcareons 
laminae  are  imjiortant  from  the  strnctnral  view[)oint  because  move- 
ment between  beds  commoidy  took  i)lace  aloii”'  sucb  “silver  ribbons’". 
Further,  as  solntion  dissolves  out  the  calcite,  an  open  ])lane  is  left 
along-  which  water  enters  the  qnarry  ; this  extensive  crevice  fnrni.shes 
a gliding-  surface  along  which  slate  fi-om  the  walls  may  fall  into  the 
excavatioJF — a grave  danger  to  the  (piarrynien, 

[Microscopically  the  slates  of  the  soft  belt  were  examined  with  con- 
siderable care.  A detailed  description  of  their  microsco|)ic  petro- 
gra])hy  is  given  under  the  section  on  tlu'  ])etrology  of  the  slate. 

By  .sti^dying  in  detail  the  beds  laid  bare  in  the  quarries,  it  has  been 
])0'sible  to  divide  the  n|)])ermost  member  of  the  iMartinsburg  forma- 
tion into  two  ])arts.  These  are  shown  on  the  areal  maps.  As  the 
lower  part  has  Imhui  (piarried  at  Bangor,  it  is  distingnished  as  the 
Bangor  division,  for  which  the  term  “beds”  has  been  i-etained.  The 
up])er  ]>art  is  (‘xpfised  at  Ben  Argyl  and  is  best  designated  as  tbe 
ITn  Argyl  beds.  The  term  beds  is  i-etained,  in  ])lace  of  the  better 
techincal  term  nuunber,  because  its  u.se  avoids  confusion  with  the 
larger  divisions  of  the  Martinsbnrg  foi-mation. 

The  slates  of  the  Bangor  beds  are  slightly  harder  than  those  of 
tlie  Pen  Argyl  beds  an  l do  not  attain  such  gi'eat  thickness.  Other- 
wise ditferences,  both  megascopic  and  microscoi)ic,  ai-e  lacking  and  tin 
distinction  in  areal  ma])|)ing  depends  wholly  on  careful  measurements 
of  thickness  or  on  the  recognition  of  the  few  key  horizons  that  are 
furnished  by  the  thickest  slate  beds.  Detailed  measurements  ai-e  given 
in  the  section  on  the  economic  geology  of  the  slate. 

The  two  sets  of  beds  are  sei>arated  by  a somewhat  more  sandy  ])hase 
of  sedimentation.  This  arenaceous  seri(cs  is  shown  on  Slatcfnrd  Creek, 
about  a mile  Avest  of  Slateford,  and  again  l)y  the  few  exposures  and 
chips  south  of  Wind  (dap.  These  intervening  beds  ai-(>  diflicultly 
recognized;  they  are  assigned  to  the  Bangoi-  beds,  but  tlu>  location  of 
the  boundary  line  betAveen  the  tAVo  gi-ou])s  of  tie  Is  as  di-aAvn  on  the 
ma]i  is  a fair  estimate  at  best.  A more  detailed  description  of  the 
sequence  is  inclmhal  in  the  section  on  the  econondc  geology  of  the 
slate  (pp.  l().i-B)(i). 

The  .soft  belt  is  characterized  by  its  (bqiression  betAveen  Blue  [Moun- 
tain to  the  north  and  the  summits  of  the  section  underlain  liy  tla*  sandy 
member  to  the  south.  The  soft  belt,  indeed,  forms  a broad  longitudin- 
al valley,  Avith  ])oorly  deA'elo]ied  diadnage  lines  and  eAuni  some  SAvanqi 
land;  this  valley  is  ])arallel  Avith  Blue  [Mountain.  Its  northern  edge 


34 


SLATE  IN  NOimiAMTTON  COUNTY 


rises  into  indefinite  terraces  having  altitudes  of  about  800  feet,  bnt 
these  are  very  largely  covered  with  talus  from  the  quartzite  cliffs  of 
Blue  Mountain. 

The  deln-is  from  the  crest  of  Blue  Mountain  everywhere  hides  the 
upiier  edge  of  the  iMartinsburg  slate  in  the  area  studied.  Only  at  the 
Lehigh  ga]),  Avest  of  the  section  here  described,  can  the  contact  between 
the  ShaAvangnnk  and  IMartinsburg  formations  be  observed.  Estimates 
of  the  thickness  of  the  entire  upper  member  are  therefore  unsatis- 
factory. Along  the  Little  Bushkill  the  thickness  measured  from  the 
to])  of  the  middle,  sandy  member  of  the  Martimsbnrg  to  the  base  of 
the  Shawangnnk  conglomerate  appears  to  be  4,415  feet,  but  the  sec- 
tion is  largely  concealed  and  variations  in  dip  or  repetitions  in  fault- 
ing may  have  iid-roduced  an  error  with  an  overestimation  of  fifty  per- 
cent. Along  Lehigh  River,  where  there  is  almost  certainly  some  repe- 
tition by  folding,  the  estimated  thickness  of  the  uppermost  member  is 
2110  feet.  There  is  an  angular  unconformity  aboAT  the  Martinsbnrg 
formation,  Avhich  may  account  for  at  least  a ]iart  of  the  discrepancy 
betAveen  the  tAAa>  obseiwations.  At  best,  hoAvever,  these  estimates  can- 
not be  acce])ted  as  Avholly  satisfactory. 

Age  and  correlation. — Xo  fossils  Avere  found  in  the  soft  slate  mem- 
ber of  the  iMartinsburg  formation.  In  N'eAV  York,  near  the  N'eAV  Jersey 
state  line,  Utica  gra])tolites  have  been  found  close  to  the  overlying 
ShaAvangunk  conglomerate.*®  In  Maryland,  on  the  other  hand,  both 
loAver  and  upper  Maysville  zones  are  recognized  in  the  Martinsbnrg 
formation  betAveen  the  Eden  and  the  Jmnata.**  This  is  AAdiat  might 
be  ex])ected  if  an  unconformity  exists  aboA’e  the  IMartinsburg  forma- 
tion. In  the  Mercei'sbiirg-Chambersbnrg  region  the  u])])ermost  fauna 
of  the  IMartinsburg  formation  is  of  Eden  age.*®  In  1911  Ulrich  cor- 
related the  up]>er  Martinsbnrg  shale  in  the  “northeastern  Pennsyl- 
ATinia  basin”  Avith  the  Eden-Utica  of  Ncav  York.**^  This  interpretation 
Avas  acce])ted  by  Graban*'  Avho  adds,  hoAvever,  that  the  fossils  on  Avhich 
it  is  based  occur  aatII  doA\n  in  the  sectioii  and  hence  that  the  upper 
beds  may  Avell  l>e  higher  than  Utica, — possibly  even  loAver  Maysville 
in  age. 

Reasoidng  AA'holly  on  the  basis  of  com])aratiA'e  thicknesses,  as  the 
only  evidence  aAnilable,  it  a])j)ears  best  to  assume  that  the  upper  mem- 
ber of  the  IMartinsburg,  as  here  defined,  is  of  loAver  Maysville  age. 

These  beds  are  here  referred  in  as  the  iqiper  or  soft  slate  member  of 
the  Alartinsbnrg  formation. 

'*’’Lewis.  .J.  A^..  and  Kiiiiin'’“l.  H ! !.,  Tlie  seo’.ogy  of  New  .Tersey : Geol.  Survey 
of  X’ew  .lersey,  null.  IL  p.  47,  lllla. 

■‘■’F.n'^sler,  U.  S,,  ('amPrian  ami  Ordovician:  Maryland  Geol.  Survey,  pp.  157, 
170,  1919. 

^'’Stose,  G.  AV.,  IT.  s.  Geol.  Survey,  Geol.  Atlas,  Mercersburg'-Chambersburg 
folio  (.No.  170),  p.  10.  1909. 

^TTlricli,  K.  O.,  Ttevision  of  the  Paleozoic  .systems:  Geol.  Soc.  Amer.,  Bull,, 
vol.  XNII.  p.  27,  1911. 

'‘'Grabau,  A.  AV.,  Paleozoic  delta  deposits  of  North  America:  Geol.  Soc.  Amer., 
Bull.,  vol.  XXIV,  p.  420,  1913. 
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Sliawaiijiiiiik  Conglomerate  ami  Sandstone 


Description. — The  Sliawaiiguiik  eonglomerate  is  a hard,  partially 
reerystallized  (piart/dte,  in  ])laees  highly  eongiomeratie.  The  pebbles, 
firmly  fixed  in  the  sandy  matrix,  are  generally  Mell  ronnded  and  con- 
sist of  fragments  of  vein  quartz,  black  dint,  and  sericitie  slate,  the 
last  with  its  cleavage  nnoriented.  AYith  the  hand  lens  the  sand  grains 
appear  to  be  smooth  and  well  worn  and  the  conglomerate  and  sand- 
stone are  highly  indurated.  Cross-bedding  is  not  nncommonly  ob- 
served, and  west  of  Lehigh  Liver,  north  of  the  town  of  Slatedale,  ripple 
marked  slabs  ten  feet  in  diameter  were  observed  in  the  talus  slope  at 
the  foot  of  Line  i\Ionntain.  Stylolites  were  seen  in  the  rock  in  the 
Delaware  Water  Gap. 

In  color  the  fresh  surface  is  a liglit  gra.v,  I'eddish-lirown,  or  even 
white,  but  on  Aveathering  the  exiiosnre  rapidly  ac([uires  a dirty  gray 
or  brmvnish-gray  line  or  eA'en  turns  a somber  dark  gray. 

The  beds  of  the  Shawangnnk  conglomerate  are  inassiA’e,  attaining 
a thickness  of  six  feet.  They  are  Avidely  jointed  and  stand  out  in 
ATrtieal  cliffs  Avbich  are  flanked  by  lieaAw  tains  slopes,  es])ecially  on 
the  up-dip  side.  In  places,  as  Avitliin  the  DebiAvare  Avater  ga]>  and  at 
its  southern  end,  highly  carbonaceous  lieds  of  shale  are  intercalated 
betAveen  the  coarser,  eross-bedtled  sandstone.  These  shoAV  ineiiiient 
slaty  cleaA’age. 

The  crest  of  Dine  Mountain  is  made  iqi  of  the  ShaAvangunk  con- 
glomerate. It  stands  out  in  bold  relief  above  the  slate  belt  to  the 
south,  rising-  at  the  Dig  ( tflYet  to  its  highest  altitude.  Di-tO  feet  above 
the  sea.  A st(‘e]i  shqie,  talus  eoA'ered,  faces  soutlnvard,  concealing 
its  contact  Avith  the  Martinslmrg  formation.  Immediate^  north  of 
this  slope  lies  an  almost  flat  table  land,  only  lialf  a mile  Avide  at  most, 
yet  maintaining  an  altitude  Avhich  varies  but  sligldly  beyond  the 
limits  of  1400  and  IdflO  feet. 

The  thickness  of  ShaAvangnnk  conglomerate  Avas  not  measured  in  the 
course  of  these  studies  as  the  map  area  Avas  draAvn  merely  to  the 
crest  of  Dine  IMonnlain. 

Age  ancJ  corrdafion. — Xo  large  space  can  here  be  deAmted  to  1he 
consideration  of  the  age  of  the  .ShaAvangunk  conglomerate.  A brief 
summary  of  the  op])Osing  A’ieAAAS  is,  hoAveA’er,  justified. 

In  XAav  York  the  beds  overlying  the  Pulaski  shale  (AAdiich  is  the 
la.st  formation  b'^aring  a clearly  Ordovician  fauna)  are.  in  desccmding 
order : 


Upper  Medina 
LoAver  IMedina 
OsAvego  sandstone 


Avhite  sandstone 
red  sandstone 
gray  sand.stone 
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In  tlie  Leliig'li  and  Delaware  Avater  gaps  the  folloAving  measure- 
ments Avere  made  by  the  staff  of  the  Second  PennsylAmnia  Stu-atv  d® 


Lehigh  Water  Gap 

Ttelawarc  Water  Gai> 

Feet 

Feet 

Medina ; 

Medina: 

tipper  sandstone  

85 

Upper  sandstone  

200 

1 80 

U]iper  shales 

530 

Middle  gray  sandstone  . . 

70 

Eower  sandstone 

200 

Eerruginons  shales  

330 

Lower  shales  

110 

Oneida : 

Oneida: 

Sandstone  and  conglom- 

tapper  gray  sandstone  . . . 

75 

erate  

290 

Shales  with  sandstone 

Iteds  

240 

Alassive  conglomerate  . . . 

170 

AVliite  conglomerate  .... 

210 

1125  15G5 


In  NeAv  Jersey  similar  divisions  and  thicknesses  are  observed  and 
here  the  formation  is  referred  to  as  the  ShaAvangunk  conglomerated” 

(iraban  has  regarded  the  Oneida  and  its  ecpiivalent,  the  OsAvego  of 
XcAV  York,  as  of  Lorraine  age.  As  it  is  OA'erlain  by  the  Juniata- 
Qneenston  in  Pennsylvania  and  Ncav  York,  and  as  the  Queenston  is 
of  Richmond  age,  the  OsAA’ego  ninst  he  of  Ordovician  age,  according  to 
Orahan.'” 

This  inter])retation  is  certainly  not  accepted  by  Schuchert,’'’  and 
riidch  refers  the  SluiAvangunk  of  northeastern  Pennsylvania  to  the 
Silurian,  AA’hile  regarding  the  OsAA'ego  (the  e(piivalent  of  the  loAver 
ShaAvangunk)  and  Juniata  (Red  or  LoAver  (Medina)  of  Central  Penn- 
syh'aida  as  of  Ordovician  age.  In  s])eaking  si)ecifically  of  the  Sha- 
Avangunk formation  of  Blue  (Mountain,  Graban''”  ex]>re.ssed  the  same 
o|)inion  as  that  of  THrieh.  It  is  not  Avholly  clear  aa'Iiv  the  OsAATgo, 
Avhich  a|)]iears  to  he  the  stratigra|)hic  ecpuvalent  of  the  loAver  ShaAvan- 
guid^:,  shovdd  be  ])laced  beneath  it  in  the  geologic  time  scale. 

As  there  is  a mai'ked  unconformity  above  the  (Martiiishurg,  and  as 
the  first  fossils  found  above  this  stratigraphic  break  are  di.stinetly 
younger  than  Ordovician,  the  ShaAvangiudv  conglomerate  in  North- 
ani])ton  County  is  tentatAely  refei‘red  to  the  Silurian  i)eriod. 

<iUATERNA RY  SYSTEM 
fR'iioral  Aspects 

Although  this  re])ort  deals  ])rimarily  Avith  the  slate,  the  surface 
cover  that  in  many  places  conceals  the  bed  rock  cannot  be  AA'holly  ig- 

'^“’Lesley,  J.  P.,  A summary  de.scription  of  the  geology  of  Pennsylvania  : Penn- 
slvania  Second  Geol.  Survey,  vol.  I,  pp.  R74-.A, 

■"'T^ewi.'^.  .T,  A^..  and  Kummel.  H.  1!..  The  g-eology  of  New  Jersey  : New  Jersey 
Ceol.  Survey.  Hull.  14,  p.  4'.),  1111.5. 

“"Grahau,  A.  AV..  Pliy.sical  and  faunal  evolution  of  North  America  during  Or- 
dovicic,  Siluric  and  early  Devonic  time:  .four,  of  Geol.,  vol.  17,  iiiJ.  235-237,  1909. 

'■’Schuchei't,  ('Irirle.s,  T’aleog'eography  of  North  America:  Geol.  Soc.  Am,,  Bull., 
vol.  20.  p.  539,  1910.  Silurian  formations  of  southeastern  New-  A'ork,  New  Jersey, 
and  Pennsylvania:  Geol.  Soc.  Am.  BiUl.,  Vol.  XXA'II.  pp.  530-554,  1926. 

■’’’-Grahau.  A.  AV.,  The  Aledina  anil  Schawangunk  problems  in  Pennsylvania  : 
Science,  N,  S.,  vol.  XXX,  p.  415,  1909. 
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nored.  When  tliis  is  studied  in  detail  it  is  found  to  eonsist  laruvly  of 
unconsolidated  l)ouldei’S,  yravel,  sand,  and  clay,  ])ai'tly  iTidiscriminato- 
ly  mixed,  ])artly  laid  dow?i  in  definite  beds.  In  the  former  case  sandy 
clay  or  clay  'with  hut  rare  sand  grains  has  subangular  houhhu's 
scattered  through  it.  These  vary  in  size  up  to  as  much  as  three  fi‘ct 
in  diameter.  They  do  not  occupy  any  uniform  ]>osition  in  the  iir.er 
matrix,  occurring  neither  as  a liottom  layer,  nor  as  a defiidte  bed 
inter.stratified  -with  the  le.ss  coai-se  material.  The  boulders  are  not 
angular,  but  have  smooth,  fiat  siu'faces,  sindlar  iu  projxirtion  to  the 
facets  on  a cut  gem;  the  edges,  moreover,  are  bevelled.  It  is  not 
uncommon  t*!  find  such  a hmdder  with  groovings,  resend)ling  chisel 
marks,  on  its  surface.  Such  criteria  show  that  the  boulders  and  their 
matrix  were  laid  down  under  the  glacial  ice  of  the  great  ice  age. 
De])osits  of  this  tyjie  are  calleil  till  and  make  up  the  ground  moi’aine. 

Other  de])osits  consist  of  definite  layers  of  material, — a bed  of 
boulders,  another  of  sand,  followed  above  by  one  of  boulders,  ]>er- 
hajis, — a se(|uence  of  de])osits  suggesting  the  Paleozoic  sediments  al- 
ready discussed,  in  their  assorted  and  bedded  character,  but  differ- 
ing notably  in  their  lack  of  cementation.  The  boulders  are  round 
and  clearly  waterwoni  ; facets  and  scratches  are  very  rare.  Ther(‘  is 
a notable  amount  of  associated  sand  and  less  clay  than  in  the  ground 
moraine.  Such  de])osits  were  in  ])art  laid  down  directly  by  ice.  with- 
out the  intervention  of  streams;  they  then  consist  largely  of  boulders 
and  reju'esent  the  material  ])nshed  forward  by  the  ice  front  and  that 
dro]iped  Avhei'e  the  glacier  melted  com])letely  away.  In  other  cases, 
however,  the  water  running  out  from  the  glacial  front  carried  some 
of  the  ice-borne  boulders,  sand,  and  clay  with  it,  laying  them  down 
again  at  varying  distances  beyond  the  glacial  edge.  Deposits  of  this 
latter  type  show  stratification.  They  are  properly  classed  as  glacial 
outwash,  hut  when  close  to  the  ice  edge  they  are  so  intermingled  with 
the  ice-deposited  material  as  to  lie  inse])arable  in  the  titdd;  ice-borne 
and  glacial  .stream  material,  when  deposited  at  the  ice  edge  and  thus 
closely  associated,  are  genei-ally  classed  together  under  the  head  of 
terminal  moraine. 

Those  boulders,  sands,  and  cla.vs  carried  far  beyond  the  ice  terminus 
by  streams  of  water  furni.slual  by  the  melting  ice  are  s])oken  of  col- 
lectively as  outwash.  As  they  com])ose  some  of  the  terrace  covers 
along  streams  they  are  liere  ti’eated  under  the  heading  of  terrace  de- 
po.sits. 

(ilacial  Deposits 

Earlier  irork. — Previous  work  on  the  geology  of  this  region  was 
undertaken  b,v  Lewis,  Williams,  and  Salisbury."'®  Lewis  traced  the 

■’^Ijewis.  H.  C..  Pteiiort  on  tlie  terminal  moraine  in  Pennsylvania  and  western 
Xew  York:  Pennsylvania  Second  (deol.  Survey.  Ueiiort  Z.  18M4:  AVilliams.  10.  H., 
Xotes^  on  the  southern  ice  limit  in  eastern  Pennsylvania  : .\m.  .Tour.  Sci.  Ser.  3. 
vol.  XIUX.  pp.  174-185,  1895;  Sali.'-hury,  R.  I>.,  The  glacial  geology  of  Xew  .Tei  sey ; 
X’ew  .Jersey  ('leol.  Survey,  1902. 
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terminal  moraine  deposits  marking  tlie  edge  of  the  iee  across  Bine 
Mountain  east  of  the  Big  Offset  ( Delan-are  AVater  Gap  sheet),  through 
the  towns  of  Delabole  and  Pactoryville  and  thence  east  to  the  mouth 
of  Onghonghton  Creek  and  Belvidere.  AA^illiams  showed  that  glaciated 
boulders,  clearly  not  waterworn,  also  lay  some  distance  south  of  the 
moraine  recognized  l)y  Lewis ; he  stressed  especially  the  de])Osits  made 
at  the  front  of  the  ice  in  lakes  that  were  formed  because  of  the  im- 
])ounding  of  rivers  through  ice-dams.  Salisbury  followed  the  terminal 
moraine  of  Lewds  eastward  from  Belvidere  across  New  Jersey;  Iris 
studies  led  him  to  conclude  that  an  earlier  ice-sheet,  which  he  called 
1he  Jerseyan,  laid  ('own  some  of  the  materials  recognized  by  Wil- 
liams south  of  the  Lewis  moraine. 

Ground  moraine  depomfs. — The  deposits  laid  down  under  the  ice 
and  called  ground  moraine,  are  not  very  conspicuous  in  any  part  of  the 
region  studied.  Moreover,  they  pass  by  gradation  into  the  material 
laid  down  at  the  front  of  the  ice.  A good  example  of  ground  moraine 
is  furnished  by  the  overlmrden  seen  at  the  southwestern  corner  of  the 
North  Bangor  quarry.  Here  there  is  about  20  feet  of  glacial  clay, 
with  intermingled  boulders.  The  latter  measure  up  to  three  feet,  but 
most  of  them  are  one  foot  or  less  in  diameter.  The  boulders  are 
scattered  througli  the  clay,  with  no  evidence  of  assortment.  They  are 
not  well  rounded,  and  many  are  distinctly  faceted;  none  bear 
scratches  or  grooves.  Some  are  of  Shawangunk  sandstone  or  quartz- 
ite, some  of  the  Silurian,  Devonian,  and  Alis.sissippian  sandstones  and 
shales  which  lie  north  of  the  crest  of  Blue  Mountain.  The  matrix  is 
clay,  with  a little  sandy  material. 

Deposits  of  this  ty])e  are  common  in  the  soft  slate  district.  At  the 
Colund)ia  Bangor  oiiening  at  Bangor,  extensive  stripping  has  laid 
bare  material  similar  to  that  .just  described.  This  feature  is  shown  in 
Plate  lA",  B.  At  the  Jackson  r>angor  No.  5 and  Jackson  Bangor  No. 
7 quarries,  such  glacial  till  occurs  again.  An  excellent  exposure  is 
seen  in  the  Stoddard  quarry,  about  one  mile  east  of  AVind  Gap.  Here 
twelve  feet  of  till  lie  above  the  slate.  The  morainic  material  consists 
of  boulders  a foot  or  less  in  diameter,  set  in  a matrix  of  clay.  The 
boulders  are  quartzite  and  conglomerate  for  the  most  part,  but  one  of 
red,  fine-grained,  micaceous  sandstone  was  also  seen.  By  far  the  great- 
er part  are  faceted  and  suliangular,  although  no  striae  could  be  recog- 
nized. 

Again,  in  Ihe  railway  cut  about  one  mile  northwest  of  Johnsonville 
( Delaware  AVater  Gaji  sheet),  a depth  of  fifteen  feet  of  unstratified  clay 
bearing  scattered  glacial  boulders  is  to  be  seen. 

In  general  the  thickne.ss  of  this  material  is  less  than  fifteen  feet, 
but  there  are  notable  exceptions  and  irregular  variations.  Thus  at 
the  Diamond,  Albion  AMin,  and  Doney  quarries  the  overburden  is 
negligible,  the  slate  showing  at  the  surface,  Avhile  at  the  Albion  Bangor 
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quarry  the  »rouiul  moraine  is  alxmt  ht'ty  feet  thick.  Tlu'  im|iressi(iu 
is  gained  tliat  the  glacial  overburden  is  thick  in  the  soft  .slate  Icdt, 
but  thins  rapidly  Avith  its  a})i)roach  to  the  belt  of  land  underlain  by  the 
middle,  sandy  imnnher  of  the  Martinshnrg  formation. 

7'cn)iimtl  moraine. — The  terminal  moraine  marks  the  position  of  the 
front  of  the  ice  sheet  foi-  an  extended  period,  but  does  not  necessarily 
indicate  the  southernmost  limit  of  its  advance.  It  is  clearly  defined 
in  the  region  of  the  Dehnvare  Water  Gap  sheet,  but  passes  into  the 
ground  moraine  deposits  cvest  of  Pen  Argyl  Avithout  a definite  bound- 
ary, so  that  no  attempt  AA’as  made  to  limit  it  in  the  AVind  Ga]>  quad- 
rangle. Tavo  features  make  it  recognizable;  these  are  the  rough  topog- 
raphy culminating  ideally  in  an  almost  continuous  ridge  or  a series 
of  closely  spaced  ridges,  and  the  rounded  boulders,  stratified  saud, 
and  generally  assorted  character  of  the  deimsits  that  make  up  such 
ridges. 

As  the  ice  front  retreated  and  advanced  irregularly,  it  may  be  ex- 
pected that  the  ground  and  terminal  moraine  deposits  are  intermingled 
in  many  localities.  Xo  attemjAt  Avas  made,  therefore,  to  separate  these 
tAvo  tyi^es  of  ice  Avork,  l)ut  a line  Avas  draAvn  marking  Avhat  is  regarded 
as  the  outer  edge  of  the  terminal  moraine. 

The  deA'elopment  of  the  tenninal  moraine  is  Avell  shoAvn  on  the  main 
higliAvay  hetAveen  Bangor  and  Pen  Argyl,  about  one  mile  Avest  of 
llangor.  Here  the  rough  to])ography  is  cons])icuous ; numerous  hills 
rise  thirty  feet  ahoA'e  the  general  level  of  the  counti'y,  Avith  depres- 
sions. In  the  higliAvay,  these  knobs  are  seen  to  consist  of  sand  and  of 
well  rounded  boulders  u])  to  tAvo  feet  in  diameter.  At  Blake’s  farm, 
about  half  a mile  AA’est  of  the  Bangor  jiost  office,  a shaft  passed  through 
about  51)  feet  of  saud  and  gravel. 

Along  the  A'alley  of  Waltz  Greek  the  outAvash  material — that  carried 
out  from  the  ice  front — and  terminal  moraine  ileposits  are  mingled. 
About  half  a mile  nortliAvest  of  AckermauAdlle  seA'eral  sand  pits  liaA'e 
been  opened  in  such  deposits. 

In  one  of  these  are  eight  feet  of  Avell-stratitied  sand.  coA'ered  Avith 
tliree  inches  of  cobbles  and  slate  cliips  Avhieh  ai'e  set  in  clay.  The  sand 
is  AA'ell  assorted  into  beds  of  alternately  finer,  clayey  and  coarser, 
purer  sand.  Some  is  current-rii)plc(l,  the  more  gently  inclined  sur- 
faces of  the  ripples  being  toAvard  the  northeast  and  the  crests  elongated 
nortliAvesterly.  ElscAvhere  cross-liedding  is  seen  Avith  predominantly 
soutliAvard  dips. 

About  500  feet  Avest  of  this  ]>it  is  another.  Here  the  uppermost 
tAA'o  feet  consi.st  of  rounded  bouhlers  of  Avhich  only  a fcAv  still  sIioav 
facets;  these  are  set  in  sand  and  clay  matrix.  BcIoav  this  is  the  fol- 
loAving  sequence,  in  descending  order; 
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Iiielies 


I’lU'e  saiul 4 

(h-avel  3 

Pure  saiul  5 

Coarse  gravel  4 

Coarse  sand  3 

Coarse  ga-avel  8 


No  well-defined  cross-bedding  could  be  seen,  but  separate  layers  dij) 
12-25°  S. 

A third  pit,  400  feet  X.  00°  E.  of  the  last,  shows  many  boulders  still 
largely  faceted.  It  is  thus  clear  that  these  materials  all  re])resent 
deposits  of  mixed  terndnal  moraine  and  outwash. 

About  a quai'ter  of  a mile  south  of  Ackermanville  the  terminal  mor- 
aine tleposits  are  conspicuous  along  the  tracks  of  the  Northampton 
electric  raili’oad.  Ilei'e  an  erratic  boulder  measuring  8 by  20  by  20 
feet  lies  in  the  field  west  of  the  road.  This  is  seen  in  Figure  Plate  A^, 
A.  Several  little  kames  were  laid  open  when  the  road  was  built. 

As  the  terminal  moi-aine  is  crossed  by  ])ost-g!acial  sti’eams,  its  de- 
posits have  been  carried  down  the  valleys,  so  that  large  glacial  bould- 
ers ]iow  form  a “float”  beyond  the  present  lindts  of  the  moraine. 

West  of  Pen  Argyl  the  de])osits  made  at  the  edge  of  the  ice  are 
])ooidy  defined.  Lewis  ti-aced  them  noiThward  across  Blue  Mountain 
east  of  the  Pig  (ftfset.  This  is  almost  certainly  too  far  east,  for  the 
t(U’ininal  moi'aine  south  of  Blue  Alountain  extends  as  far  west  as  Dela- 
bole.  Much  of  the  loose  rocks  in  the  soft  slate  belt  west  of  Wind  Ca]) 
and  south  of  Blue  Alonntain  suggest  morainic  material  rather  than 
talus  or  stream  (lei)osits  by  the  large  size  and  faintly  faceted  character. 

In  the  area  of  the  clearly-marked  teianinal  moraine,  the  glacial  cover 
is  heavy  and  much  overburden  must  be  removed  to  reach  the  slate. 

E.rfra-iiwnihtic  driff. — (South  and  west  of  the  terminal  moraine  in 
tln>  Delaware  AVater  CJa])  region  and  well  south  of  any  de])osits  that 
might  be  regarded  as  markiiig  the  southern  limit  of  the  ice  advance  in 
the  Wind  (la|)  (piadrangle,  is  a thin  veneer  consisting  of  glacial  and 
glacio-flnviatile  drift,  sporadic  in  occuri-ence.  This  consists  of  faceted 
bouhhu's  of  tin*  sandy  member  of  the  Alartinsburg  and  more  rarely  of 
the  Shawanguidv  conglomei’ate.  Only  occasionally  do  such  boulders 

■'‘Uewis.  H.  C.,  Report  on  the  terminal  moraine  in  Pennsylvania  and  western 
X’ew  York:  Pennsylvania  Second  Geol.  Survey,  lieport  Z.,  Plate  3,  )).  34,  18.3  1. 
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A.  (!l:icial  (Tratic.  L'O  feet  scinarc.  a (luartcr  of  a mile  son  h of  Ai-kormanxillo 
al<nii;'  tlu>  oloctric  railway. 


r>.  (Jravol  ]iit  af  Hutihinsoii'.'i  i;araa(‘.  i\Iartins  Crook;  north  face  of  out. 
Shows  wostwanl  oross-hodiliny  in  ionsos  of  sanil  hotwa'on  liravel  deposits. 


(\  Kon.ith  toiio^iiaipli.v  of  ontw.ash  anil  torraoo  do)iosits  in  Iho  valley  of  .laoohy 
Ci'ook.  west  of  rortlaiid.  Tlu'  ohnroh  fo  the  riu'ht  is  on  an  old  torraoo.  I.ossor 
tornioos  oiin  ho  soon  to  the  loft. 
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show  striae.  i\Iaiiy  are  covered  with  ATllowisli-l)rown  iron  oxide ; their 
surface  is  smooth  and  glossy.  Sandy  clay  sei'ves  as  the  matrix. 

Thick  exi>osures  of  this  niate]'ial  are  not  common.  Generally  the 
pi'esence  of  such  glacial  till  is  indicated  only  by  the  occasional  bould- 
ers in  the  fields.  But  on  the  east  bank  of  Little  Bushkill  Creek  and 
soutli  of  the  road  leading  east  from  AVerkheiser,  is  a small  quarry  in 
Avliich  the  slate  is  covered  with  an  overburden  of  15  feet  of  fine  clay; 
this  is  the  matrix  for  jioorly  assorted  gravel  and  cobbles  ranging  in 
size  u])  to  eight  inches.  A few  colibles  am  striated;  many  are  faceted. 
A])parently  this  deposit  represents  till  reworked  by  running  water. 

Such  de])Osits  liave  been  inteiq)reted  by  Salisbury^^  as  representing 
an  earlier  glacial  advance,  called  the  Jerseyan  glaciation.  This  inter- 
i:)i-etation  may  be  tentatively  accepted. 

Generally  the  glacial  de])osits  are  not  as  conspicuous  on  the  higher 
hills  as  in  the  lower  topography.  The  impression  is  given,  also,  that 
them  is  mom  till  lodged  on  the  southern  slopes  of  the  hills  than  on  their 
north  sides,  as  might  l)e  expected  with  the  deposits  of  a southward 
moving  glacier. 

Xon-Olacial  Deposits 

Terrace  deposits. — Terrace  deposits,  ])artly  laid  down  by  glacial 
streams,  ])artly  very  recent  in  origin,  are  common  in  the  region.  They 
are  most  conspicuous  along  Delaware  River  and  in  the  valley  of  Jacol^y 
Creek.  Thus,  a vei'y  Avell  deAadoped  terrace  lies  about  200  feet  above 
present  Avater  IcAud  on  the  east  side  of  Delaware  River,  south  of 
BroAvning.  The  material  coAXi'ing  this  terrace  consists  of  boulders, 
mixed  Avith  sand.  Such  deposits  ap))arently  extend  doAvn  to  the 
present  level  of  the  DelaAvare,  and  on  the  Avestern  side  of  the  Amlley, 
south  of  Slateford,  the  sajqiing  of  the  bank  has  exposed  a thickness 
of  at  least  60  feet  of  gravel  and  sand.  Another  terrace  about  60  feet 
aboAT  river  leA'el  is  seen  on  both  sides  of  the  DehiAvare  one  mile  south 
of  Portland.  These  and  loAver  terraces  hawe  been  ascribed  by  Salis- 
bury to  the  Avork  of  glacial  and  post-glacial  streams.®® 

Farther  doAvn  the  valley  of  the  DelaAvare  similar  deposits  are  found, 
])artly  laid  doAvn  by  streams  floAving  out  from  the  glacial  frf)iit.  The 
A'alley  of  Jacoby  Creek  is  filled  Avith  such  material,  AA'hich  is  Avell  shoAAm 
Avest  of  Portland,  (Plate  V,  C).  At  ITntehinson’s  garage  in  the  tOAvn 
of  Alartins  Creek  25  feet  of  stratified  sand  and  graA’el  are  exposed; 
the  hoiddei's  range  in  size  up  to  9 inches.  Xortlnvai'd-inclined  cross- 

''"Rii liElniry.  U.  TO..  Srrface  greolog-y:  New  .7ersey  (4eol.  Survey,  Ann.  Report 
for  pp.  7.3-123,  1894;  Chamberlin,  T.  C.,  and  Salisbury,  R-  P-,  Geolog'y,  vol. 

Ill,  p.  384,  1907. 

■'^Salisbury,  II.  D.,  The  glacial  geology  of  New  Jersey  : New  Jersey  Geol.  Survev. 
pp.  28.5-313,  1902. 
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bedding  was  .seen.  Thi.s  dejKisit  is  clearly  .stream  laid  (See  i’late 

B). 

'rains. — The  .sontliern  escarpment  ot  l!lue  Mountain  oAves  its  relative- 
ly gentle  .sb)pe  to  the  I'ock  fragmeids  Avhicli  have  accumulated  at  the 
foot  of  the  cliti  of  Shawangunk  conglomerate.  These  have  been  some- 
Avhat  rolled  by  water  and  so  are  locally  rounded,  but  most  of  them 
are  subangular.  They  are  most  conspicuous  Ave.st  of  I’en  Argyl. 
Though  also  seen  to  the  ea.st  betAvee]i  Pen  Argyl  and  DehiAvare  Piver, 
the  fragments  are  so  intimately  mingled  Avith  glacial  and  terrace 
deposits  that  oitly  those  actually  on  the  escari)ment  slope  or  still  re- 
taining their  angular  form  can  be  clearly  recognized  as  talus  material. 

DETAILED  STRUCTURE 

FOLDING 

Definifions. — It  is  customary,  for  convenience  in  description,  to 
speak  of  the  line  of  intersection  of  an  inclined  plane  surface  with  a 
theoretical  horizontal  ]dane  as  the  strike.  The  maximum  vertical  angle 
made  by  this  horizontal  ])lane  Avith  the  inclined  surface  in  que.stion 
is  the  dip  of  the  plane.  AVhen  the  .strike  and  dip  of  a plane  are 
thus  given,  its  attitude  is  fully  defined.  The  attitudes  of  bedding, 
cleaA'age,  .joints,  and  faults,  l)eing  approximately  plane  surfaces  for 
short  distances,  can  be  deserilied  in  the  same  manner.  Commonly  the 
sti'ike  and  dij')  of  any  such  natural  plane  are  gic’en  in  figures  like  these, 
— strike  X.(i()°E.,  di]>  20°S.  This  means  that  the  trace  of  the  plane 
on  the  hoi'izontal  surface  bears  X.()0°E.  in  azimuth,  and  the  maxi- 
mum angle  betAA'een  the  ideal  horizontal  ])lane  and  the  surface  face  de- 
scribed is  20°;  the  >S.  indicates  that  the  surface  inclines  doAviiAAVird  to- 
AA^ard  the  south. 

A\  hen  beds  are  folded  they  commonly  assume  the  form  of  ])arallel 
AA’aA'es,  ill  this  case  the  troughs  are  spoken  of  as  synclines,  the  crests 
as  anticlines.  The  flanks  of  such  folds  are  designated  the  limbs. 

When  the  beds  appear  to  dij)  in  one  direction  oidy.  and  there 
i.s  no  CA'idence  of  a compensating  oppo.sitely  directed  inclination,  the 
structure  is  said  to  be  a monocline. 

It  frequently  happens  that  the  troughs  and  crests  of  the  folds  are 
not  strictly  parallel  AA'ith  the  horizontal  ]ilane  to  Avhich  the  beds 
are  referred,  but  inclined  u])AA'ard  in  one  dii'ection.  This  situation 
can  be  likened  to  the  ap])carance  of  a horse  trough,  tilted  so  that  the 
Avater  Avill  floAv  doAvn  the  length  of  the  ti-ough.  Such  tilted  synclines 
and  anticlines  are  said  to  pitch  in  a specified  direction,  that  toAAard 
aaIucIi  the  length  is  inclined  doAA'nAA'ard. 

The  plane  separating  the  tAvo  limbs  of  a fold,  so  as  to  make  equal 
angles  AA’ith  each  limb,  is  called  the  axial  plane  or  plane  of  the  fold. 
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Its  intersection  Avith  the  liorizontal  plane  of  refei’enee  is  the  axis  of 
Hie  fold. 

rnferprefatiuu  of  folded  her/.s'. — In  strata  like  those  of  the  Martins- 
hiirg-,  Avhere  each  bed  is  nineh  like  the  next,  fossils  are  lacking,  cross- 
bedding  is  inconsjncuous,  and  rip])le  marks  are  rarely  seen,  it  is 
difficult  to  recognize  top  and  bottom  of  beds  on  the  basis  of  sediment- 
ary features.  This  condition  makes  it  hard  to  tell  from  the  usually 
small  outcroiis  Avhether  or  not  beds  are  overturned,  that  is,  having- 
the  older  strata  above,  the  younger  below.  Nevertheless,  many  (juari’ies 
shoAv  folds  in  Avhich  the  beds  of  one  limb  ai'e  clearly  inverted:  it  is 
obvious  therefore,  that  some  method  must  he  used  for  distinguishing, 
tor  example,  betAveen  beds  dipping  .soutlnvard  and  lying  on  the  north 
limb  of  symmetrical  syncline  and  beds  diiiping  soutlnvard  but  on 
the  south  limb  of  a nortlnvard  recumbent  syneline.  The  clue  to 
such  a di.stinctiou  is  furnished  by  the  cleavage. 

It  has  long  been  knoAvn  that  the  cleavuige  in  slate  tends  to  pai'allel 
the  axial  planes  of  the  folds  and  thus  to  bisect  the  angle  formed  by  the- 
tAvo  liml)s.  Where  the  beds  di))  soutliA'ard  more  stee])!y  than  the 
cleaA’age  they  must  be  OATrturned  and  on  the  southerly  synclinal 
limb;  if  the  cleavage  has  the  .steeper  dip,  the  beds  are  on  the  northern 
limb.  This  relationshii)  is  shoAvn  in  Figure  7.  Further,  if,  on 


Eigni'e  7.  Ideal  relatidns  Iictwasai  cleavai;c.  axial  plane,  and  lieddins  in  s.viu- 
nieti'ical  fold  and  fold  ()V(‘i-fm’iH‘d  to  the  left.  Tract's  of  cleavage 
lilanes  l)isecting  both  folds  are  indicated. 


the  horizontal  surface  the  cleavage  trace  is  jAarallel  Avith  the  bedding 
trace,  the  axis  of  the  fold  is  horizontal.  Hut  AA’here  the  cleavuige 
aud  bedding  traces  intersect,  it  is  obvious  that  the  fold  pitches,  and 
in  such  cases  the  relation  betAveen  strike  and  dip  of  bedding  and  cleav- 
age planes  furnishes  the  clue  to  the  direction  of  tlu'  pitch.  These 
facts  are  illustrated  by  Figure  7. 

Sniiwiarij  of  folding. — In  the  order  of  increasingly  careful  and 
detailed  scrutiny,  three  impressions  of  the  folding  in  this  region  are 
conveyed  to  the  observer.  First,  he  notes  a generally  northerly  dip^ 
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of  all  the  strata,  so  that  ])ro”'i-i'ssively  yoim^'cr  beds  ai'c  ciieountcivd 
in  a northward  traviM'sc;  the  yinieral  strik(‘  of  tins  liuyv  nioimdine  is 
;i;)proxiniately  X.(i()°E.  Tins  y(niei-alization  a|)plies  to  all  the  forma- 
tion of  the  region. 

A further  stndy  reveals  on  this  large  monocline  nnnierons  folds,  in 
])laces  with  lind)s  closely  appia'ssed  and  almost  (but  nowhere  (pdb'i 
isoclinal.  These  small  folds  ai'e  I'arely  symmetrical  and  generally 
liave  suffered  noidhward  overt undng.  ddie  soutli  limbs  of  ajdiclincs 
di))  steeply  south  in  but  few  instances  and  more  commonly  are  hori- 
zontal or  nearly  so,  or  even  gently  inclined  northward;  the  north 
liinbs  apjiroacli  the  vm’tical  or  have  been  overturned  to  such  an  e.xtcnt 
that  they  actually  dij)  southwai'd  at  high  angles.  In  general  these 
extreme  overturns  are  limited  to  the  slate,  but  in  plaei's  they  ai'e  to 
be  seen  in  the  nndmiying  limestones. 

The  structni’e  strongly  suggests  that  described  by  Dale  in  the 
Green  Mountains  of  Vermont,'''  except  that  the  strikes  in  Pennsylvania 
are  east-noifheast,  whei'eas  in  Vermont  they  ai'e  moi-e  mviiiy  due  noidh. 

Third,  almost  anywhere,  upon  close  examination,  it  can  be  demon- 
strated that  these  smaller  folds  pitch  iii  one  or  both  directions  along  the 
strike.  This  last  fact  is  what  might  be  exp(‘ct(ul  of  the  clay  of  the  Mai'- 
tinsburg  formation  ■which,  uimn  the  ai)])lication  of  sufficient  ]n-essure, 
must  have  flowed  and  adjusted  itself  iidernally.  In  such  a medinni 
liortions  mider  least  |)ressui'e  are  the  loci  towai'd  Avhich  is  foi'ced 
the  excess  matter  fi’om  regions  of  greater  stress,  until  internal  stresses 
liave  been  accumnlated  to  counterbalanci'  the  external  forces.  Gross 
sections  of  the  sti'ncture  are  shown  in  Plate  A" I. 

Tjipcs  of  folds. — The  ty])e  of  fold  a|)pears  to  be  debu-mined  l)y  the 
thickness  and  competency  of  the  strata  affected.  In  the  hard  slate 
inember,  where  the  individual  beds  ai'e  thin  and  were  apparently 
quite  tilastic  when  first  comju-essed,  the  folds  an*  acute  and  very 
sharply  iiointed  ; the  opening  angle  between  two  limbs  of  a fold  may 
be  as  little  as  9°,  as  is  seen  in  an  exposure  along  the  Pehigii  Valley 
Railroad  about  one  mile  northwest  of  Treichlers  Station  in  the  Slating- 
ton  (piailrangle.  In  the  middle,  sandy  member  of  the  Alart insburg 
formation,  where  massive  calcareous  sandstones  exist,  the  folds,  though 
not  generally  well  shown,  are  never  observed  to  lie  very  tightly  com- 
pressed. In  the  soft  slate  member,  on  the  other  hand,  especially  in 
ihe  P>angor  beds,  ■wbicli  a])i)arently  met  the  eonpu'cssive  resistanci' 
of  the  more  massive  sandy  member  to  the  south,  the  folds  are  closu'. 
Yet  even  here  no  fold  measured  in  a plane  at  right  angles  to  the  strike 
shows  an  opening  angle  of  less  than  42°,  the  “tightest”  folds  meas- 
ured being  the  Obi  Pangor  syncline  and  the  Peerless  syncline,  as  seen 
in  the  Did  P>angor  and  Xew  Peerless  quai-ries. 

^m)ale.  T.  X..  Structural  details  in  the  Clreen  Mountain  resion  and  in  eastern 
IXew  York:  U.  S.  Geoi.  Survey,  ilull.  pp.  1902. 
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One  of  tlie  striking  features  of  tlie  folds  in  tlie  slate  is  the  absence 
of  isoclines.  The  picture  of  isoclinal  folding  as  a prevalent  feature 
in  the  slate  is  not  borne  out  by  the  facts  observed  in  this  region. 
Wlien  the  folds  are  not  pitching,  however,  it  is  clear  that  die  cor- 
res]U)nding  limbs  of  two  ad.iacent  folds  are  roughly  parallel,  though 
no  limb  is  parallel  with  the  opposite  side  of  the  fold  of  vdiich  it  is 
a part. 

Pitch  of  folds. — Almost  all  folds  have  a gentle  pitch  northeastward 
or  southwestward.  It  is  ]U'obal)ly  true,  in  fact,  that  such  pitches  are 
(he  rule  and  that  exce]itions  are  very,  very  rare.  However,  the  evi- 
dences of  such  ])itches  are  usually  indirect  and  often  not  conclusive. 
In  the  large  outlier  of  middle  iMartinsl)urg  extending  from  Delaware, 
N.  J.,  on  the  eastern  edge  of  the  mapped  area  almost  to  Nazareth 
Junction  there  is  every  suggestion,  in  the  westAvard  thinning  of  the 
areal  exposure  of  the  sandstone,  that  an  ea.sttvard  pitch  exists;  hotv- 
ever,  little  A’eritieation  for  this  conclusion  is  furnished  by  actual 
bedding  dips. 

The  evidence  is  clearer  in  the  case  of  a fold  at  AVest  Bangor.  Here 
the  Bangor  Superior  quarry  sliotvs  strikes  diA'ei’ging  from  tlie  general 
strikes  of  the  region,  and  an  exact  correlation  of  the  beds  enables  the 
reconstruction  of  the  westAvard-pitching  syncline  near  the  axis  of 
Avhich  this  quarry  is  located. 

At  the  Mountain  VieAV,  Shinier,  and  Consolidated  No.  2 quarries 
the  strike  of  the  beds  AA'hich  appear  in  the  Consolidated  No.  1 — Star 
({uarry  and  openings  farther  Avest  turns  nortliAvard  and  CATn  north- 
AvestAvard,  until  it  is  actually  at  right  angles  to  the  bedding  strike 
lO  the  AATSt. 

AVhere  the  folds  liave  axial  planes  that  are  horizontal  or  nearly  so, 
the  equivalent  of  jiitch  in  a fold  is  a nortliAvard  SAving  of  the  trough 
of  synclines  or  crest  of  anticlines.  To  express  this  fact  in  another 
Avay,  the  concept  of  the  axial  line  is  here  developed.  The  term  ‘‘axial 
line”  is  a])plied  to  the  intersection  of  the  axial  plane  Avith  any  single 
bed.  AVith  tliis  definition  in  mind,  tlie  appearance  of  a typical  re- 
cumbent fold  in  the  slate  may  be  deserilied  by  saying  that  a vertical 
])rojection  of  the  axial  line  of  such  a fold  upon  the  horizontal  plane 
Avould  be  a curved  line.  Hence  on  vertical  planes,  such  as  quarry 
AA'alls,  draAvn  through  the  strike  of  the  axial  planes  of  such  folds 
the  traces  of  l)eds  appear  as  ellipses,  generally  flat. 

In  addition  to  these  com])lications,  there  is  a suggestion  in  the  re- 
lations of  beds  at  the  Albion  and  Albion  A"ein  quarries  and  at  the 
Jackson  Bangor  No.  5 and  Jackson  Bangor  No.  6 (juarries  of  a vertical 
AA'arping  of  the  approximately  horizontal  axial  planes.  This  suggestion 
cannot  be  A'erified  Avith  accurate  measurement,  hoAvever. 
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There  are  thus  t'wo  eoin]ilieat  ions  in  the  strueture  of  the  reeunibeiit 
folds  of  the  slate: 

]. — The  axial  lines  are  not  strai^'ht  Init  curved. 

2. — The  axial  ])lanes  ai'e  war])ed  surfaces. 

Thhtniiui  and  of  hids  h>/  folding. — iMany  beds  show  thin- 

ning and  thickening'  by  fokling.  It  is  generally  true  that  th(>  ineoiii 
petent  layers  are  thicker  on  troughs  and  crt'st.s  of  Avave-like  folds, 
while  they  are  greatly  tliinned  on  the  limbs. 

This  princijde  is  Avell  illustrated  l)y  a vicAV  of  the  northeast  wall  of 
the  Old  Bangor  (luarry.  (see  Plate  X2vlll  B),  Avhich  shows  the  great 
thickening  of  the  beds  in  the  trough  of  the  Old  Bangor  syneline.  It 
is  ecpially  Avell  shoAvn  in  the  Xew  Peerless  (Bangoi-  Vein)  qnai'ry  and 
somewhat  le.ss  strikingly  in  the  Xorth  Bangor  and  Bangor  Union  open- 
ings. The  same  fact  is  brought  out  quantitatively  by  a study  of  the 
detailed  sequence  mea.surements  in  the  Columbia  Bangor  and  Bangor 
Central  (juarries. 


('o)iipan'.'iO)i.  of  tJncimess  of  hcds  in  .several  Bangor  quarries. 


Name  of  quarry 


Old  Bangor  ) 

Columbia  Bangor  f 

Old  Bangor  ] 

Columbia  Bangor  ( 

Bangor  Central  \ 

Columbia  Bangor  \ 

Jackson  Bangor  Xo.  C ] 
Albion  \ 

Jackson  Bangor  Xo.  C ] 
Albion  ( 

Parsons  ] 

XeAv  Diamond  | 


X"ame  of  bed 

(Middle  big  bed 

Cray  bed 

Uncle  Sam  bed 

1st  Five-Foot  bed 

Hard  big  bed 

Genuine  big  bed 
(Diamond  "run") 


D:p  of  bed 

Thickness 

Inches 

f 20°S. 

42 

] 4 4°N. 

122 

( 20°S. 

3 4 

) 4 4°X. 

132 

(■  4°X. 

19 

] 4 4°X. 

124 

f 1 0°X. 

— o 
i O 

) :!7°X. 

4 3 

( 1(1  °X. 

143 

) 3 7°X. 

113 

1 73°S. 

S2 

i (14°S. 

52 

All  of  the  conqrarisons  here  presented,  with  the  exception  of  that 
betAA’een  thickness  in  the  Jackson  Bangor  Xo.  6 and  Albion  quarries, 
are  illustrative  of  the  ])rinciple  enunciated  above, — a principle  long 
accepted  where  rock  is  deformed  as  a partially  plastic  mass  (“zone  of 
floAv”  of  Van  llise).  In  the  exception  noted,  there  is  a strong  sugges- 
tion that  the  north  (or  A'ertically  lower)  limbs  of  synclines  generally 
suffer  more  thickening  than  the  south  limbs — at  least  as  far  as  observa- 
tions go.  A similar  case,  Avhieh  illustrates  progressive  thickening  as 
the  north  limli  of  the  syncline  is  approached  is  furnished  by  accurate 
measurements  made  at  several  levels  in  the  northeastern  Avail  of  the 
Albion  quarry. 
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(’o)ii pansoii-  of  thicl'iicss  of  (irap  bed  in  AU>io)i  quaiTj/. 


Depth  beloiv  surface 
( feet ) 

Cleavage  dip 

Bedding  dip 

Thickness 
( inches) 

0 

5°X. 

2 7 °S 

5 4 

85 

6°X. 

28 . 5°s! 

SO 

120 

5°S. 

3 5 °S. 

79 

275 

3 5’S. 

19 

°X. 

1 12 

2S5 

26°S. 

9 

°X. 

113 

It  is  thus  s(‘eii  that  as  the  l)eds  ai)i)roaeh  the  axis  from  the  south  limb 
of  the  syueliue  they  thiekeu  aud  ap])areutly  retain  ou  the  north  limb 
mueh  of  the  thickness  acainired  at  the  axis. 

Tlie  (‘xtreme  of  the  axial  thickening'  of  beds  is  to  l)e  looked  for  in 
places  Avhere  the  foldiiig  is  very  flat  and  -where  there  is  a single  domin- 
ant fold — as  in  the  Old  Bangor  syncline, — rather  than  a series  of  folds 
lying  one  above  the  other  and  with  axial  planes  about  i)arallel,  as  in 
I he  Albion  Vein  (piany.  This  might  he  ex])ected,  as  the  actual  length 
of  material  available  for  packing  at  the  synclinal  oi-  anticlinal  trough 
01'  ridge  is  less  when  the  be  Is  ai'e  thi'own  iiito  repeated  close  folds,, 
the  distance  fi-om  trough  to  crest  being  less. 

iMcthod  oj  resfoniKj  johh. — The  vtu'tical  de])1h  of  ex])osnre  in  any 
given  place  in  the  r(‘gion  studied  is  so  slight  that  a general  method 
had  to  he  devised  for  interpi'eting  structures  and  |)ro.jecting  dii)s. 
'I  hree  ]irinc]])les  were  applied.  The  first  is  that  in  general,  cleavage 
approximat(‘ly  bisects  the  opening  angle  between  the  opposite  limbs  of 
a told;  oi',  to  |)ut  it  (liffei'ently,  the  cleavage  ])lanes  are  ])arallel  to  the 
axial  plau(‘s  of  tohls.  The  second  is  a corollai'y  of  the  first,  namely 
tliat  a dip  ohsei'V(‘d  at  the  surface  is  duplicated  in  depth  at  the  inter- 
section of  (‘ach  successive  bed  with  the  cleavage  ])lane  seen  at  the 
su]'lac(*.  The  third  ))rinciple  is  based  on  eni|nrical  observation;  in  the 
ii])per  ajid  lower  memhei's  of  tin*  iMartinsbnrg,  and  probably  in  the 
middle,  sandy  memht'r  as  well,  the  normal  structure  is  a I'ecnmbent 
or  iieai'ly  I'c'cnmbcmt  folding  overturned  1o  tlie  north. 

These  imdhods  are  illustrate  1 by  Bignre  8. 

tdhorlein  ng  hi/  folding. — Numerous  estimates  of  the  crustal  shorten- 
ing of  lolded  ai'eas  have  been  mad(*  in  the  past.'’’'^  Clayjmle  estimated 
the  ti'ansverse  shoi-t(*ni7ig  of  the  Pennsylvania  A|)])alachians  to  he  46 
miles,  .‘hi  miles  in  TOO,  or  a I'atio  of  1:1.53.  Chamberlin’'''  est-imates 
the  oi'iginal  ti-ansverse  width  of  the  A])palachian  strata  from  Tyrone 
in  Blaii'  County,  Pennsylvania,  to  Ilarn'shni'g  to  he  81  miles,  as  against 
the  66  miles  of  pi'esent  width,  lie  concluded  tliat  a “rough  guess” 
would  give  a crustal  shortening  within  the  Mai'tinsbnrg  shales,  such 
that  the  ratio  of  final  to  original  horizontal  length  can  be  expressed  by 

■■'''Eor  a .summary  of  some  such  estimates  hy  Dutton,  Heim,  LePonte  Cla'-iiole, 
and  McPonnell.  .see  rhamlterlin.  T.  C..  Estimates  and  causes  of  crustal  sliortenine- : 
.lour.  Geol.,  vol.  VI.  pp.  10-12,  18!)8. 

'■'■'(7'lmnibprl'U.  H.  T..  The  Appalacliian  folds  of  central  Pennsylvania:  Jour. 
Geol..  vol.  XVTir,  pp.  230-237,  1 910. 
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Fijliife  To  illnsrratf  iiiorhods  of  rostoriiis  folds  from  eloa vaao  and  licddinu' 
relations.  A.  Left,  lieds  ov(‘rtnni“d  to  left:  ri.aht.  Iiecls  normal.  IL 
Ues’toration  of  diii  of  Leds  with  depth.  ( '.  I >ett'rminat  ion  of  true 
structim':  dotted  lines  incorrect,  dashed  lines  correct  interpretation. 

the  ratio  1 :'2.  Peek'’"  fiiiils  the  erusttil  slioi-teiiing  vei-y  iiiueh  ga-eater, 
the  ratio  of  final  to  original  lengtli  being'  1 :(i.  Aetna!  nieasiirenients  of 
a section  given  by  Peek  4.1(1  niib's  long,"'  gtivt*  an  oilginal  buigtb  tif 
S.S2  niibes  of  strata,  so  tbat  tbe  enisttil  sliortening  is  in  tbe  ratio  of 
1:2;  the  measurements  were  made  in  the  rather  massive  Camltro-t  )rdo- 
vieian  dolomite. 

It  seems  probable  that  the  shorteidng  in  slate  would  lie  greater  than 
that  in  the  more  competent  strata.  Two  estimates  of  shortening  in 
shoi’t  sections  of  the  hard  slate  in  the  railroad  cuts  along  Indiigb  Kiver 
between  Siegfried  and  Poekdale  in  the  Slatington  (piadrangle  gave 
a])] )roximately  eipnd  results:  in  one  ease  dO.5  fc(d  f)f  beds  wei’e 
shortened  to  2b  feet  nieasui‘(*d  on  tin*  hoidzontal  ; in  another  ease  142 
inches  were  reduced  to  lit)  inches.  The  ratios  obtainetl  were  thus 
1-  1.22  and  1:1.2!).  A section  through  the  Old  Pangor  and  Pangoi- 
Txcelsior  (piarries  gave  a sboi'teidng  of  1:  1.18,  the  actual  length  of 
the  beds  measured  being  2125  feet.  Aery  ])robably  tbe  shortening 
near  Pen  Argyl  would  be  greater.  A far  less  accurate  measureimmt 
along  the  se'ction  L-L  (see  sti’uctur(-  sections)  gives  a sborteninu'  of 
4.5.)  ndles  of  actual  hnigtli  of  the  middle,  sandy  mend)cr  of  the  i\lartins- 

"’Peck.  F.  B..  Prelin’.inary  report  on  tlie  talc  anil  seriicntine  of  X'ortli'imiiton 
County  and  the  Portland  cement  matei'iaCs  of  the  Lehiah  district:  Penn.svlvanfa 
top.  & Oeol.  Survey.  ReiJort  X"o.  5.  p.  :iti  Dili. 

"U’eck.  F.  E..  Geology  of  the  cement  belt  in  Lehigh  and  Xorlhampton  GountieH. 
Pa.,  etc.:  Econ.  Geol.,  vol.  III.  p.  54.  Di08. 
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ljurg’  into  4.1  miles  of  outcrop  ; tlie  shortening-  ratio  is  thus  1 : 1.1.  A 
similar  case  along  the  section  J-J’  gives  a shortening  of  2.5  miles  of 
strata  into  2.07  of  outcrop,  or  a ratio  of  about  1:1.21. 

Taking  all  these  results  into  consideration  it  appears  that  the  ratio 
between  the  present  and  original  lengths  of  the  Martinsburg  formation, 
omitting  thi'ust  faidts,  is  abont  1:1.20. 

I)i  reef  ion  of  pressure. — The  question  naturally  arises  as  to  the  direc- 
tion from  which  the  ])ressure  producing  the  observed  folding  came. 
The  question  was  long  ago  faced  by  AVillis'’"  and  has  lately  been  re- 
viewed in  great  detail  by  Keith'’"'®.  Both  these  writers  conclude  that 
the  deforming  force  or  forces  in  the  Appalachian  Mountains  came 
from  the  southeast  and  moved  northwesterly.  Briefly  stated,  the  field 
evidence  on  which  this  conclusion  rests  is  three-fold: 

1.  In  a northwest-southeast  section  across  the  Appalach- 
ians, the  southeasterly  rocks  ai'e  more  severely  folded  and 
more  highly  metamori)hosed  than  those  to  the  northwest. 

2.  Folds  generally  show  overturning  toward  the  north- 
west, or  where  not  overturned  the  anticlines  exhibit 
stee])  northwest  and  gently  dip])ing-  southeast  flanks. 

3.  Numerous  thrust  faults,  formed  either  during  the  move- 
ment that  ])roduced  the  folds  or  at  least  by  a similarly 
directed  thrust,  are  found:  their  i)lanes  dip  more  or  less 
gently  toward  the  southeast. 

In  the  course  of  tins  w'ork,  the  second  of  these  facts  was  repeatedly 
corroborated.  It  is  true  that  in  experimental  deformation,  such  as 
that  produced  by  Willis  and  later  elaborated  by  B.  T.  Chamberlin  and 
others,  the  folds  sometimes  show  overturtdng  toward  the  source  of 
movement,  instead  of  away  from  it,  but  this  is  only  after  such  folds 
have  been  sufficiently  n])lifted  to  be  beyond  the  reach  of  the  direct 
thrust,  when  their  inertia  kee]is  them  from  moving  forward  over  the 
mass  below.  Tlie  stages  by  which  this  higli-inertia  type  of  recumbent 
folding,  with  anticlinal  axial  planes  di])ping  away  from  the  applied 
])ressnre,  is  reached  are  well  illustrated  in  Willis’s  experiments'’’'*. 
Only  when  some  s])ecial  conditions,  such  as  iirevious  irregularities  in 
dip,  are  introduced  can  the  axial  planes  of  the  folds  be  made  to  dip 
away  from  the  moving  force. 

In  this  discu.ssion  it  is  clearly  understood  that  oi)])Osition  to  this  mov- 
ing force  is  neede:l  1o  produce  jn-essure.  To  say  that  thrust  faults 
01-  structural  features  bear  a certain  i-elation  toward  the  “pressure” 
is  dynamically  incorrect.  It  is  true,  however,  that  that  side  of  a mass 
at  which  a moving  force  is  a])plied  suffers  deformation  first  and  with 

''=WiniP,  Bailey,  The  mechanic.s  of  Appalachian  structure : U.  S.  Geol.  Survey, 
1,3th  Ann.  Kept,  part  II,  p.  281,  1803. 

“Keith,  .Arthur,  Outlines  of  Appalachian  structure : Geol.  Soc.  Am.,  Bull.,  vol. 
34,  p.  33fi  et  sen.,  1!)23. 

'■‘Willis,  Bailey:  Op.  cit..  Plates  LXXXIII,  LXXXV,  LXXXVI,  LXXXVII,  etc. 
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more  intensity,  than  the  otlier  side,  whieh  remains  nnmoved  and  serves 
mainly  as  a buttress.  Pressures  aix*  e(iual  at  the  Pvo  ends  oF  tlie  eom- 
pressed  mass,  hut  inertia  ami  frietion  are  not. 

One  more  pieee  oF  evidence  is  cited  to  sIioav  that  the  moving  Forces 
deforming'  the  slate  came  Fi-om  the  soutlu'ast.  Careful  measurements 
of  thickness  show  that  beds  are  thicker  on  the  north  limbs  of  synclines. 
An  exam])le  is  furnished  by  the  Cray  bed  of  the  Pen  Argyl  l)eds. 
As  measured  i]i  the  Albion  cpiari'y  this  has  a thickness  of  SO  inches 
on  the  south  limb  of  the  syncline  in  that  (piarry,  hut  thickeiis  to  112 
inches  on  the  northern  limb  of  the  structui'c.  oidy  200  feet  hnver 
down.  Such  a thickening  on  the  northern  li]ubs  of  .synclines  is  wliat 
would  be  expected  if  the  moving  force  came  from  the  south. 

Pre-eJenviUje  folds. — A few  folds  were  seen  that  must  have  ante- 
dated the  deA'elopment  of  the  slaty  cleavage.  Their  charactei'istics  are 
their  small  size,  and  the  fact  that  their  axial  ]>lanes  are  stee])ly  in 
dined  to  the  plane  of  the  slaty  cleavage.  An  exani])le  is  afforded  by 
a small  fold  f)btained  fi'om  the  mill  of  th(»  West  Pangor  qnarrv. 
(See  Plate  YII). 


Figure  9.  Drawing  of  tlmis)  fault  in  plioto.graiili  below. 

PI.ATE  YII 


I’liotograph  of  small  iire-s(‘rieifization  tlirusi  fault  in  soft  slate:  from  mill 
of  West  F.angor  (|uarr.v  ; wnllh  of  block,  m inclie.s. 
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CLEAVAGE 

1 enns  defined. — The  term  cleavage  has  been  applied  to  three  differ- 
ent structures  in  slate.  It  has  been  used  to  designate  tiarting  along 
numerous,  close-spaced,  and  iiarallel  planes  that  bear  no  relation  to 
bedding;  this  is  true  “cleavage”  and  the  use  of  the  term  should  he 
limited  to  this  feature.  Cleavage  has  also  been  applied  to  a tendency 
to  part  along  small  joint-like  openings,  more  closely  spaced  than  joints, 
hut  less  so  than  true  cleavage  planes,  and  generally  inclined  to  the 
cleavage;  this,  following  Dale,  may  be  called  “false  cleavage”.  A 
third  set  of  fracture  planes  of  which  no  trace  is  visible  to  the  naked 
eye  until  the  slate  is  actually  broken  and  which  is  generally  at  right 
angles  to  the  true  cleavage,  is  the  “grain”,  “sculp”,  or  “scallop”  of 
quarrymen.  In  this  paper  the  terms  cleavage,  false  cleavage,  and 
grain  are  used  in  the  senses  indicated  above  (See  Plate  XI,  B). 

Ongin  of  cleavage. — The  origin  of  cleavage  is  attributed  to  re- 
crystallization  of  the  minerals  during  the  inetamorphism  of  shale  to 
slate.  A'ery  proliahly  the  shale  is  already  supjilied  with  some  flat- 
faced  minerals,  such  as  sericite,  but  during  the  metat)horism,  its  con- 
tent in  these  is  still  further  augmented.  The  tabular  or  flat  crystals 
develo])ed  are  oriented  so  that  their  flat  surfaces  are  ]iarallel  through- 
out considerable  bodies  of  slate.  The  slate,  when  s^tlit,  breaks  most 
easily  along  these  surfaces. 

Eelatiem  of  cleavage  to  .stress;. — The  question  of  the  position  of  the 
flat  surface  with,  respect  to  the  direction  of  the  applied  pressure  has 
given  rise  to  repeated  exjieriments  and  controversies.  A condensed 
summary  of  the  various  views  in  regard  to  this  problem  is  given  by 
Leith. 

Prevailing  sfrilce  and  dip  of  cleavage. — One  outstanding  feature  of 
the  cleavage  in  this  region  is  the  constant  strike  of  the  cleavage  (about 
X.  ()0°  E.,  parallel  with  most  of  the  fold  axes). 

It  is  noteworthy  that  cleavage  generally  has  a lower  angle  of  dip 
than  heilding.  As  the  cleavage  planes  approximately  parallel  the 
fold  axes,  the  foregoing  statement  emphasizes  the  recumbent  nature 
of  the  folds.  (See  Eig.  7.  8).  In  a few  localities  it  a])pears  that  cleavage 
and  bedding  are  parallel  for  short  distances. 

Curvature  (jf  cleavage. — The  cleavage  planes  are  not  uncommonly 
culwed,  the  planes  sometimes  assuming  an  S-shape,  apparently  due 
to  added  cf)mpression  after  cleavage  formation.  This  type  of  curved 
cleavage  is  esjiecially  noticeable  near  bedding  slij)  faults  (See  p.  65). 

In  addition  to  the  marked  cleavage  curvature  just  referred  to, 
there  is  a tendency,  where  cleavage  planes  cross  sandy  beds,  for  them  to 
curve  slightly.  This  ty]ie  of  curvature  is  not  induced  by  deformation 
after  the  development  of  cleavage,  Init  is  due  merely  to  the  higher 

'"Leith,  C.  K.,  Rock  cleavage:  U.  S.  Geol.  Survey  Bull.  XTo.  239,  1905, 
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angie  l)etweeii  cleavages  and  bedding,  in  sandy  lieds  where  mica  and 
chlorite,  the  cleavage  ])rf)dncing  minerals,  are  less  well  developed  than 
in  the  tv])ical  slate.  There  is  a strong  suggestion  in  sncli  a feature, 
of  a relation  between  ])lasticity  and  cleavage. 

In  a few  quarries  the  cleavage  shows  a gentle  curvature  or  changes 
slightly  in  dij)  from  top  to  bottom  of  the  (juarry.  This  is  es])(*cially 
clear  in  the  Albion  (piarry,  in  which  each  level  is  deve'oped  on  a 
very  gentle  curve,  so  that  the  cleavage  forming  its  door  actually  dips 
northward  near  the  northern  border. 

Relation  hetiveen  cleavage  and  axi(d  planes  of  folds. — In  the  area 
studied,  there  is  no  evidence  of  inclination  of  cleavage  to  the  axial 
planes  of  folds.  So  far  as  ol)served  the  cleavage  iilanes  and  the  axial 
jdanes  of  all  folds  are  parallel,  so  that  the  fan-sha])ed  etfect,  mentioned 
by  varioiis  writers”®  in  which  the  cleavage  converges  toward  the  axis 
of  anticlines,  must  be  regarded  as  exceptional  in  this  region  at  least. 

FALSE  C’LK.\VA(;E 

I>escnptto)i.- — Xot  uncommonly,  especially  in  thin  beds  of  .slate 
between  layers  of  the  sandstone  of  the  middle  member,  a cleavage 
surface  shows  fine  fissures,  frequently  short  and  seldom  conspicuous, 
forming  planes  more  or  less  at  right  angles  to  the  cleavage.  AVhen 
such  slate  is  struck  with  the  hammer,  it  cleaves  and  at  the  same  time 
splinters  into  slender  pencils,  breaking  along  the  fis.sures  mentioned. 
These  fissures  are  the  “fracture  cleavage”  of  ATm  llise,  the  “false 
cleavage”  of  Leith,  or  “slij)  cleavage”  of  Dale. 

Seen  xuider  the  microscope  the  false  cleavage  ]fianes  are  seen  to  be 
due  to  extreme  plication  of  true  cleavage  iplanes.  As  they  approach 
a zone  of  false  cleavage,  the  shreds  of  muscovite  and  chlorite  show 
some  curvature,  and,  in.stead  of  showing  as  straight  lines  (tin*  condition 
in  normal  slate  cut  at  right  angh*s  to  the  cleavage  plane),  become  un- 
didating.  The  oriexitation  of  these  minerals  in  the  undulatoiy  strands 
is  well  marked  because  one  limb  of  any  single  tiny  undulation  is  dark 
under  crossed  nicols,  while  the  other  is  relatively  light.  As  the  folding 
of  the  cleavage  strands  Ixecomes  ])rogressively  moi'e  intense,  the  stiamds 
tear  apart  along  a line  more  or  less  at  right  angles  to  their  length  and 
open,  joint-like  fracture  develops;  this  latter  is  true  fraetui-e  cleavage 
(“false  cleavage”),  the  fiexings  being  inci])ient  stages  of  fracture 
cleavage,  to  which  A"an  llise ’s  term  fissility  might  lie  a])plied.  An 
illustration  is  furnished  by  Digure  10. 

It  is  sigiuficant  that  false  cleavage  of  Ibis  ty]>e  is  not  obseiu'cd  in 
the  really  competent  lieds  of  sandy  material,  nor  is  it  seen  where  the. 
sequence  through  great  thickness  consi.sts  wholly  of  slate.  It  was.  in 
fact,  best  developed  in  tbin  beds  of  slate  lying  between  thick  sandy 

“Dale,  T.  X.,  Slate  in  the  United  States:  U.  S.  Geol.  Surve3'  Dull.  586.  p.  3.5.  1911. 
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layers,  and  in  these  cases  the  bedding  planes  on  either  side  of  the 
strata  bearing  this  type  of  cleavage  are  ninllioned,  or  striated  down 
the  dip,  or  show  wrinkling  of  their  surfaces, — all  suggestive  of 
movement  along  bedding  planes. 

So  far  as  noted  there  is  in  any  given  locality  only  one  set  of  false 
cleavage  planes.  These  generally  strike  N.60°E.,  and  thus  parallel  the 
true  or  slaty  cleavage  in  strike,  but  dip  Avell-nigh  vertically.  Indeed, 
when  cleavage  is  actually  folded  the  planes  of  false  cleavage  are 
noted  to  parallel  in  strike  the  folded  axes  of  the  true  cleavage. 

Origin. — Leith  and  Dale  are  in  virtual  agreement  as  to  the  immedi- 
ate cause  of  the  false  cleavage.  Dale®'  says  that  false  cleavage  is 
indicated  by  a system  of  lines  on  the  surface  of  the  slate  wdiich  “are 
due  to  a secondary  cleavage,  a slip  cleavage  developed  upon 


Figure  10.  Fnl.se  cleavage  and  incipient  false  cleavage  in  slate.  The  vertical 
oi)en  space  is  a false  cleavage  plane.  True  cleavage  cros.ses  from  left 
to  right.  Enlarged  00  diameters. 

]U’imary  slaty  cleavmge.  They  consist  simply  of  very  minute  plications 
which  usually  result  in  microscopic  slippages  or  faults  along  which  the 
slate  easily  breaks.”  It  is  not  clear  from  this  description  that  the 
development  of  false  cleavage  is  thought  to  be  of  much  later  age  than 
the  true  (slaty)  cleavage,  rather  than  merely  a further  extension  of  a 
continuous  ])rocess  effected  by  the  same  dynamic  metamor]ihism  that 
liroduced  the  true  cleavage. 

Leith  cites,  as  a type  of  fracture  cleavage,  “fault-slip”  cleavage 
and  describes  a case  of  the  latter  in  wddch  “the  layers  of  rocks  have 
been  minutely  crenulated,  and  the  folds  have  passed  into  minute 


®’Dale,  T.  N.,  Op.  cit.,  p.  37. 
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fault  slips.’”'®  lf(“  also  says,  “The  so-ealled  ‘false  elea\ape’  is 
usually  the  result  of  closely  spaced,  ])ai‘allel.  overthi'ust  folds  yradiiiy 
into  minute  faults,  crossiipy  a previously  develo]x‘d  dov  cleavaye.’’ 
Thei'c  is  thus  a definite  recoynition  by  Leith  of  a latei'  fohliny  of  U’ue 
(slaty)  cleavaye  to  develo])  the  false  cleavaye  here  discussed. 

This  latter  vieAV  is  substantiated  by  all  observations  in  the  slate.  If 
the  formation  of  siymoidally  flexed  slaty  cleavayc'  is  to  lx*  assiyned 
to  a distinct  movement,  latm-  than  the  dynamic  metamorphism  that 
altered  shale  into  the  slate,  then  the  d(*velo])ment  fif  false  cleavaye, 
Avhich  is  a perfect  microsco|hc  rejilica  of  the  larye  scale  siymoid  tli'xures 
in  the  slaty  cleavaye,  is  to  be  attributed  to  the  same  later  stress-jieriod. 
The  presence  of  fracture  cleavaye  8U])erimposed  on  slaty  cleavaye  is 
thus  clear  evidence  for  tevo  periods  of  folding. 

Disfrihnfion. — Some  of  the  localities  -where  falsi*  cleavaye  is  best 
seen  may  here  be  mentioned.  It  is  -well  shown  in  the  railway  cut 
east  of  Delaware  River  3, (MM)  feet  north  of  the  vilhiye  of  Delaware, 
X.  -1.,  and  200  feet  north  of  the  liridye  across  the  Delaware,  River.  It 
may  also  be  seen  about  half  a mile  west  of  Cherry  Fort  (Treiclders) 
station  on  the  Lehigh  Valley  Railroad,  in  the  Slatington  quadrangle. 

(JMAIX 

Description. — When  slate  is  broken  in  any  of  the  quarries  studied, 
it  parts  along  the  cleavage  and  also  along  less  well  detined  fractures  of 
about  vertical  dip.  Typically  four  sides  of  the  block  to  be  (luarried 
are  thus  formed  by  easy  splitting, — the  top  and  bottom  by  cleavage 
planes  and  the  two  of  the  remaining  four  sides  by  the  planes  of 
fracture  mentioned  (Figure  11).  These  jilanes  of  fracture  detine  the 
“grain”,  “sculp”,  or  “scallop”  (See  also  Plate  XI,  B,  p.  74). 

Such  fractures  differ  strikingly  from  typical  false  cleavage  in  two 


«"Op.  cit.,  p.  133. 
“'■'Idem.,  p.  12(J. 
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ways,  one  of  wliieli  is  that  they  are  not  sharply  defined  and  virtually 
nmvariied  ])lanes,  but  are  more  or  less  curved  and  irregidar  surfaces, 
which  can  be  treated  as  planes  only  Avhen  generalized.  Yet  when 
broadly  viewed  the  grain  surfaces  present  so  remarkable  a constancy  in 
direction  and  dip  that  they  must  clearly  be  regarded  as  a definite 
.structural  feature. 

The  other  outstanding  difference  between  grain  and  false  cleavage 
in  the  slate  lies  in  their  differing  orientation  with  regard  to  the  domi- 
nant axes  of  the  folds.  False  cleavage  is  generally  approximately 
])arallel  in  strike  with  the  fold  axes.  Grain,  on  the  other  hand,  com- 
monly strikes  at  right  angles  to  these  axes  and  to  the  cleavage. 

Iieith  does  not  distinguish  between  grain  and  false  cleavage  as  here 
used.  Dale,  on  the  other  hand,  describes  grain  as  showing  itself  “in  a 
more  or  less  obscure  striation  of  the  cleavage  surface  in  a direction 
nearly  parallel  to  the  cleavage  dip.”*'* 

Origin.  — The  explanation  of  grain  has  been  attempted  by  early 
exiierimenters,  including  Danbree,  Kenard,  and  others,  whose  work 
has  more  recently  been  snmmarized  by  Dale.  Both  Leith'^^  and 
Dale'^“  attribute  grain  to  the  arrangement  of  the  mineral  particles  in 
the  slate.  They  are  of  the  o])inion  that  the  grain  direction  is  deter- 
mined by  the  long  dimensions  of  the  chlorite  and  mica  flakes.  In 
thin  sections  Dale  notes  a parallelism  between  grain  direction  and 
the  longest  dimensions  of  crystals. 

A study  was  made  to  see  to  what  extent  parallelism  in  orientation 
of  longer  diameters  of  minerals  Avas  obsei’Amble  in  thin  sections.  A 
section  of  hard  slate,  cut  parallel  to  the  cleavage,  shoAATd  elongation 
along  the  grain  plane  so  striking  as  to  be  apparent  at  a glance.  Mus- 
covite and  chlorite  flakes,  ehloritic  lenses,  and  even  quartz  granules 
all  shoAv  a tendency  to  have  two  noticeably  different  dimensions, 
Avhich  are  similarly  directed  throughout  the  section.  In  sections 
parallel  to  the  cleavage,  muscoA'ite  appears  as  plates  in  AAdiich  the 
ratio  betAveen  longer  and  shorter  dimensions  attains  values  as  high 
as  15:1  although  the  aA’erage  ratio  is  not  OATr  3:1.  Such  ratios 
make  it  possible  to  distinguish  clearly  betAveen  the  longer  and  shorter 
axes.  The  most  striking  instance  of  crystal  arrangement  is  furnished 
by  the  rutile  needles,  AA’hich  ai'e  exceedingly  Avell-oriented,  Avith  their 
long  axes  in  the  grain  direction. 

Three  carefully  oriented  thin  sections  were  made  of  a big  bed  in 
the  Albion  qnarry.  One  section  Avas  cut  in  the  plane  of  the  cleavage, 
the  grain  direction  being  indicated ; of  the  other  Iavo,  one  Avas  made 
in  the  grain  plane,  the  other  at  right  angles  to  both  cleavage  and 
grain.  The  slate  is  of  a A’ery  uniform  character  and  A'ery  little  orienta- 


™Op.  cit.,  p.  41. 
^'Op.  cit.,  p.  133. 
’=Op.  cit.,  p.  41. 
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tion  of  the  particles  was  observed  in  the  section  in  the  eleava^-e  plane; 
even  the  rntile  needles  have  their  longer  axes  pointing  in  all  directions. 
r>nt  of  the  tAvo  sections  ent  at  rigid  angles  to  the  cleavage,  that 
parallel  to  the  grain  shoAvs  far  greater  elongation  of  ])artieles  than 
that  at  right  angles  to  the  grain,  as  might  be  ex])eeted  if  the  jiarticles 
haA'e  their  longest  dimensions  directed  parallel  Avith  the  grain. 

A .set  of  thin  sections  ent  in  .similar  directions,  but  of  a ‘‘hard  roll” 
at  Pen  Argyl,  gaA’e  the  same  effect  of  oidentation,  exee[)t  that  no  oriented 
ndile  needles  AA'cre  seen  in  the  cleaA'age  plane.  Tn  a third  set,  made 
of  .slate  from  the  Xcav  Diamond  quarry,  liOAveA’er,  this  effect  Avas  lack- 
ing, the  sections  normal  to  the  cleaA'age  being  similar,  AA'liether  in 
the  grain  plane  or  transA'erse  to  it,  — Avith  one  notable  exceidinn : 
the  quartz  grains  Avere  distinctly  elongated  in  sections  in  the  grain 
plane,  and  but  little  so  in  sections  normal  to  the  grain  and  cleavage. 

It  thus  a))i)ears  that  grain  in  slate  is  determined  by  paralleli.sm 
of  the  longe.st  dimensions  of  mineral  particles,  in  much  the  same  Avay 
that  cleavage  is  due  to  the  ]iarallel  oidentation  of  the  flat  dimensions 
(ba.sal  pinacoids)  of  the  mica  and  chlorite  flakes  Avhich  make  up  the 
greater  part  of  the  .slate. 

Sfril'e  and  dip  of  drain. — Tf  the  ])lane  of  the  grain  be  generalized 
from  seA’eral  observations  so  as  to  obviate  purely  local  distortions, 
it  Avill  be  found  to  have  a A'cry  uniform  strike  thronghout  the  area. 
Such  generalized  obseiwations  re])resenting  the  data  from  71  quarries, 
in  some  of  Avhich  numerous  readings  Avere  combined  into  a single 
figure,  .show  tlie  grain  planes  .striking  as  folloAvs : 


Bcarind  of  r/ro/a  in  ,'^Jafe  quarric.^. 


Azimuth  l)eariiis: 
X.  70-6.1°  W. 
X.  6.1-60°  W. 
X.  60-.15°  IV. 
X.  55-50°  5V. 
X.  ,50-45°  IV. 
X.  45-40°  5V. 
X.  40-.35°  W. 
X.  35-.30°  5V. 
X.  .30-25°  IV. 


Xuniher  of  quarries 

0 

1 

.....  3 

12 

29 


18 


0 


The  aboA’e  table  does  not  list  all  grain  strike  readings  but,  because 
of  the  large  number  recorded,  may  be  regarded  as  being  truly  re]Are- 
.sentatiA'e  of  the  region  as  a Avhole.  The  greater  number  of  strikes 
are  2a.  45-50°  IV.  These  data  are  also  shoAvn  gra])bically  in  Figure 
12.  A numerical  aA’erage  of  the  ob.serA’ations  giA-es  X.  43°  5V.  as  the 
awerage  strike  of  the  grain. 

The  grain  [ilancs  are  generally  A’ertical  or  nearly  so.  Xo  constant 
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regional  variation  in  dip  was  observed,  and  no  di])s  of  less  than  60° 
were  recorded.  Of  the  71  (piarries  in  which  the  above  observations 
were  obtained,  28  showed  dips  varying  from  the  vertical;  these  vari- 
ations did  not  exceed  20°  in  any  case. 

Interpretation  oj  grain  strikes. — Althongh  not  everywhere  strictly 
correct,  the  .statement  may  be  made  that  the  grain  ])lane  strikes 
approximately  at  I’iglit  angles  to  the  cleavage.  French  slates  have 
been  observed  to  show  grain  at  right  angles  to  cleavage  in  many 
places'®.  Dale  recoi'ds  several  of  his  own  observations  of  grain  in  the 
slate  belt  of  Vermont  and  ISew  \ork‘'*.  For  comparison  these 
are  listed  below,  together  with  the  cleavage  strike. 


Figure  12.  Aziuurtli  charf  of  strilce  of  grain  as  recorded  in  71  <iuarries  selected 
at  random.  I'he  nuinl)ers  indicate  degrees  in  azimutli  west  of  north 
(east  of  south)  in  hearing  of  grain  strikes.  The  relative  lengths 
of  tin'  inward  extending  lines  show  tlie  rehitive  nuinhers  of  obser- 
vations yiehling  the  indicated  strikes. 


Strike  of  cleavage  and  grain  in  Vermont — Xew  York  slate  helt. 
Cleavage'  strike 

X.  5°  W. 

X.  8°  AV. 

X.  7°  E. 

X.  15°  AA^ 

■■■‘Dale,  T.  N..  Op.  cit.,  p.  40. 

‘^Dale,  T.  X’.,  The  slate  belt  of  eastern  New  York  and  western  Vermont  : V.  S. 
Gool.  Survey,  19th  Ann.  Kept.,  pt.  Ill,  pp.  218-221,  1898. 
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strike  and  : 

X. 

45° 

E. 

50° 

X. 

55° 

AV. 

52° 

X. 

60° 

AV. 

67° 

X. 

35° 

AV. 

20° 

Vngie  between  cleavage 
;rain  strike 
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'I'liei’e  seems  liei'e  to  be  little  of  the  marked  re^ailarity  in  the  ^n-ain 
strike  and  in  the  ang'le  between  yrain  and  eleavafre  that  are  observed 
in  the  Pennsylvania  qnai-ides.  This  eonstancy  in  stidke  emphasizes 
the  fact  that  Van  Ilise’s  theoretical  sti’ain  ellipsoid  is  a three  dimen- 
siojial  fig'iire,  referable  to  three  planes,  two  of  which  may  he  regarded 
as  ])aralleling'  the  planes  of  maximum  shear,  while  the  third  intersects 
these  at  rig'ht  anyles  and  is  parallel  to  the  prain.  If,  as  Bucher 
maintains’’',  the  anji'le  between  the  shear  planes  varies  with  the  plas- 
ticity of  the  defoi'ined  medium,  the  cleavage  jdanes  may  have  vari- 
able dip,  here  more  steei>,  there  gentle,  hut  this  ])lasticity  factor  will 
in  no  way  influence  the  grain.  This  exj)lains  why  the  grain  planes 
have  strikes  more  constant  than  any  other  structural  feature  in  the 
district. 

Tlmre  is,  howevei-.  an  added  cause  foi'  the  great  constancy  of  the 
strike  of  the  grain  in  comparison  with  that  of  the  cleavage.  Grain 
actually  marks  the  vertical  sides  of  museovite  and  chlorite  flakes, 
parallel  to  the  a axes,  while  cleavage  marks  the  almo.st  horizontal 
basal  ])inacoids.  The  slaty  rocks,  after  develoiiing  cleavage  and  grain, 
were  again  distoi'ted.  as  will  he  mentioned  in  what  follows.  Wherever, 
after  the  ajipearance  of  almost  horizontal  cleavage  and  nearly  vertical 
grain,  the  second  conpu-essive  force  varied  ever  so  slightly  from  the 
direction  taken  by  the  first  compression,  the  gently  inclined  cleavage 
planes  were  given  a markedly  diffei-ent  sti-ike  direction.  On  the  other 
hand,  the  nearly  vertical  grain  suffereil  hut  slight  change  in  strike. 
A sini])le  illustration  of  this  piuneiple  is  atforded  if  a hook  he  held  with 
its  flat  surfaces  gently  inclined  to  the  horizontal  and  its  two  hmger 
edges  A’crtical.  The  flat  surface  then  represents  the  cleavage,  the  longer 
edges  the  grain.  If  ]n-essure  is  now  ap|)lied  to  one  corner  of  the  Itook. 
so  as  to  bend  down  that  corner,  the  strike  of  that  part  of  the  hook’s 
“cleavage”  that  is  so  bent  diverges  noticeably  from  that  of  the 
unmoved  ]iart : the  strike  f)f  the  ‘‘grain’’,  however,  changes  only  very 
slightly  if  at  all. 

SHEAR  ZONES 

Description. — Shear  zones  are  zones  inclined  to  the  true  cleavage 
of  the  slate,  along  which  the  cleavage  has  been  sharply  distorted. 
The  resiflt  is  that  when  the  slate  is  split  along  the  cleavage,  a surface 
is  produced  which  shows  a small  wrinkle  crossing  it.  Generally  false 
cleavage  is  developed  also  in  planes  iniralleling  the  axis  of  the  fold. 
In  fact,  shear  zones  are  merely  zones  of  closely  spaced  cleavage  ]>lica- 
tion  and  false  cleavage.  A sketch  made  from  a s])ecimen,  is  given  in 

■’Bucher.  “W.  H..  The  mechanical  interpretation  of  joints:  .lour.  Geoh.  vol. 
XXVIII,  pp.  707-7.10,  and  vol.  XXIX,  pp.  1-28,  1021. 
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Figure  13.  In  the  ea.se  illustrated,  small-scale  thrust  faulting  appear.? 
to  have  taken  jhaee  along  the  fracture  cleavage  planes  on  the  lover 
limbs  of  a tiny  “anticline”  developed  in  the  slaty  cleavage.  There  is 
also  a tendency  toward  the  thickening  of  slate  between  cleavage  planes 
on  the  crest  of  the  small  “anticline.”  In  a word,  the  picture  is  one 
of  ty]ucal  thru.st  folding,  except  that  slaty  cleavage  plays  the  role  of 
bedding,  while  false  cleavage  .simulates  the  appearance  of  typical 
slaty  cleavage  in  its  relation  to  the  fold. 

Occurrence. — 8uch.  zones  were  noted  in  regions  where  false  cleavage 
was  well  developed,  notalily  in  the  railroad  cut  north  of  Delaware, 

N.  J. 


Figm-e  to.  Two  views  of  a cleavage  flake  of  slate  showing  a shear  zone  (S-).  and 
the  associated  fals(>  cleavage.  The  shear  was  more  intense  at  one 
end  than  at  the  otlier.  Fi-oni  Lehigh  Yalley  Railroad  cut,  .a  mile 
soutlnvest  of  Treielilei'S  station,  Slatington  (|uadrangle. 

Origin. — This  tyjte  of  structure  is  explained  as  shear  in  rigid  ma- 
terial.'” Its  close  resemblance  on  a larger  scale  to  the  microscopic 
appearance  of  false  cleavage,  as  well  as  its  association  with  false  cleav- 
age and  Avith  curved  slaty  cleavage,  point  toward  a common  origin 
for  both,  namely  by  compression  of  slaty  cleavage.  It  is  due  to  a later 
stress,  then,  than  that  ])rodueing  the  cleavage. 


FAUI/rS 

Tapes  of  faulting. — If  faulting  he  regarded  as  movement  of  one 
solid  rock  mass  ]>ast  another  along  a definitive  plane  or  planes,  .six 
types  of  such  movements  may  be  recognized,  Avhich,  although  not 


^“Dale,  T.  N.,  Slate  in  the  United  States:  U.  S.  Geol.  Survey  Bull.  586,  p.  44,  1914. 
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all  faulting  in  the  strictest  sense,  can  yet  best  he  ti-i^ated  nmler  this 
head.  These  six  types  are  : 

1.  faults  of  large  displacement  and  great  horizontal  ex- 
tent, appi'oximately  ])arallel  to  fold  axes. 

2.  .Smaller  faults  of  moderate  displacement,  inclined  to 
the  fold  axes, 

2,  Bedding-slip  faults, 

-f.  Small-scale  faulting  in  calcareous  beds, 

5.  IMovement  along  bedding  planes,  — not  true  faulting. 

(i.  IMovement  along  cleavage  planes,  — not  true  faulting. 


All  of  these  except  Types  1 and  2 are  of  common  occurrence  in  the 
district,  and  luuiee  no  attempt  ■will  be  made  to  descrilie  all  occuri’ences 
of  the  latter  four  kinds  of  movement.  short  descri])tion  of  each 
of  the  occurrences  of  Types  1 and  2 -will  he  given,  however. 

The  sim])lest  fault  nomenclature  is  ])referred.  Fault  plane,  strike 
and  dip  of  faidt  plane,  hanging  wall  and  foot  wall  are  self-explana- 
tory; normal  and  reverse  faidts  are  terms  well  understood.  Throw 
is  the  vertical  comi»onent  of  the  dis]»laeement  along  the  fault  plane; 
heave  is  the  corresponding  horizontal  component. 


Faults  of  large  (lisplaceuieiil  <ntil  horiiO)ifal  extent. — ( )f  these  there 
are  only  two  in  the  di.striet.  One  enters  the  region  studied  at  Dela- 
ware Kiver  about  nine-tenths  of  a mile  south  of  Slateford,  and  extends 
southwestward  so  as  to  have  a surface  trace  trending  about  X.  45° 
F.  A est  of  Delawai'e  Kiver  the  evidence  for  this  fault  is  almost 
wliolly  lacking’,  although  a sharji  escarimient  of  twenty  to  forty  feet, 
four-fifths  of  a mile  north  of  Portland  where  limestone  from  the 
south  ]U’ohahly  comes  against  hard  slate  to  the  north  suggests  its 
presence.  In  drilling’  for  the  ]uers  of  the  Delaware,  Lackawanna  and 
e-stern  Railroad  liriilge  a mile  above  Portland,  slate  alone  was  en- 


countered. The  trace  of  the  fault  theriK’ore  passes  south  of  the  bridge. 

In  the  valley  ol  dacohy  Ci’eek  west  of  Portland  and  in  a large  ]dt 
aliout  /()()  feet  south  of  the  post-office  of  that  town,  upper  Cambrian 
lime.stone.  dipping  gently  southward,  is  exposed.  Just  across  the 
liier.  in  the  railway  cut  east  of  Columbia  more  of  the  same  limestone 
is  .seen.  Three-rpiarters  of  a mile  north  of  Columbia  and  about  half 
a mile  east  of  the  river  Camhriau  lime.stone  is  again  seen  in  the  rail- 
road cut  of  the  Delaware,  Lackawanna  and  Western  Railroad.  About 
1^4  liiiD  due  west  of  ITaineshurg.  X.  J.,  a northward  trending  road 


zigzags  upward  to  an  altitude  of  540  feet.  Here  the  hill  ou  the  east 
side  of  the  road  is  covered  by  Cambrian  f probably  Allentown  1 or 
early  Ordovician  limestone,  while  on  the  western  side  a small  quarry 
eximses  typical  closely  handed  hard  .slate,  striking  X.  55°  E„  and 
<lipping  2S°  X".  The  fault  ]>lane  is  thus  clearly  limited  on  the  surface 
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to  a strip  not  over  50  feet  wide.  It  seems  most  probable  that  the 
limestone  hei'e  exposed  is  in  about  tlie  to])  of  tlie  Allentown.  The 
maximum  thickness  of  beds  lacking-  between  the  Allentown  and  Mar- 


tinsburg  are : 

Jacksonbiirg  limestone  550  feet 

Beekmantown  limestone  1,250 

Total  1,800  feet 


Assuming  a di])  of  10°,  the  vertical  throw  of  the  fault  is  at  least 
1,850  feet. 

The  dip  and  strike  could  nowhere  be  determined  with  accuracy. 
As  the  fault  is  associated  with  an  intense  folding,  and  parallels  in  a 
general  way  the  strike  of  the  beds,  and  as  the  strata  appear  to  have 
assumed  an  increased  northerly  dip  as  they  approach  the  plane  of 
movement,  the  assumj)tion  appears  .justified  that  this  is  a reverse  or 
thrust  fault.  Reasoning  by  analogy  with  other  Appalachian  faults, 
the  di})  .southward  is  ])robably  gentle.  As  its  trace  on  a fairly  level 
surface  trends  X.  45°  E.,  this  may  be  assumed  as  the  approximate 
strike. 

The  eastward  continuation  of  this  fault  has  been  mapped  by  the 
geologists  of  the  New  Jersey  Geological  Survey”'  who  regard  it  as  a 
“thrust  fault  along  which  the  slate  has  been  pushed  over  upon  the 
Kittatinny  limestone  for  a short  distance.” 

About  half  a ndle  south  of  Portland,  on  the  west  side  of  Delaware 
River  and  west  of  the  Dehnvare  Water  Gaj)  highway  there  is  evi- 
dence of  another  faidt.  The  eastern  continuation  of  this,  too,  has 
been  mapped  by  the  Geological  Survey  of  New  Jersey.  The  western 
extension  trends  about  S.  50°  W.,  between  a quarry  opened  in  the 
lower,  bryozoan-rich  ]>art  of  the  Jacksonburg  and  the  lower  beds  of 
the  Martinsburg,  chi])s  of  Avhich  are  exposed  at  400  feet  on  the  hill 
to  the  south.  The  fault  trace  can  be  folloAved  on  the  east  side  of 
Delaware  River  by  similar  evidence,  but  on  the  Avestern  side  the  glacial 
coATr  is  too  lieaA'y  and  the  only  positiAT  evidence  for  faulting  is  the 
line  of  springs  that  appears  at  the  foot  of  the  slate  escarjnnent  be- 
tAveen  Mount  Bethel  and  the  river.  WestAvard  this  fault  probably 
merges  Avith  the  AvestAvard  extension  of  the  thrust  fault  first  described, 
Avliich,  .judging  Iw"  the  ap]>arent  AATstAA^ard  thickening  of  the  middle, 
sandy  member  of  the  iMartinsburg  formation  to  the  north,  dies  out 
someAvhere  in  the  neighborhood  of  AckermanAdlle. 

The  plane  of  the  fault  last  described  is  not  exposed  anywhere ; it 
is  noted,  hoAveATr,  that  the  soiRlnvest  quarrv  of  the  group  of  quarries 
in  the  field  half  a mile  south  of  Portland  shoAvs  Ioaati’  Jacksonburg 

"Kiimmel.  H.  P>..  Report  on  Portland  Cement  Tndnstry;  New  .Jersey  Geol. 
Survey,  Ann.  Rept.  for  1 900,  pp.  63-6.5,  1901. 
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limestone  (li{)})iii"’  very  steeply  soutliwaril,  heaxily  si iekeiisided  in 
plaees  and  bearing  every  evidence  of  being  di'agged  dovmvai-d  by 
faulting.  It  is  evident  that  the  slate  moved  down  against  the  Jaek- 
soid)urg,  and  in  so  doing  dragged  tin*  beils  of  tin*  latter  into  this  steep 
southward  dij).  The  throw  is  certainly  less  than  oOO  feet.  The  strike 
may  he  a.ssumed  to  be  about  X.  50°  Pk,  paralleling  the  traee.  As 
this  seems  to  he  a normal  fault,  the  di})  is  i)rohahly  stee]>. 

It  is  highly  jn’obable  that  there  are  Avithin  the  klart  inshurg  other 
thru.st  faults  or  large-seale  normal  faults,  hut  these  are  generally  not 
recognizable  because  of  the  limited  exj)Osures  and  the  dilfieulty  of 
recognizing  dis])lacenient  due  to  the  absence  of  beds  trac(*ahle  from 
place  to  place. 

SDtaUer  faults  of  moderate  disptaccment. — In  the  (piarries  of  the 
I'en  Argyl  grouj)  there  are  at  least  five  definitely  recognizahh*  smallei’ 
faults  Avhich  strike  at  large  angles  to  the  general  strike  of  the  beds 
and  have  disi)lacements  not  exceeding  70  feet.  These  may  he  seen 
in  the  Albion  Vein  quarry,  and  in  the  Jackson  Ifangor  X"o.  5,  6,  and  7 
quarries. 

In  the  Albion  Vein  (piarry  at  a depth  of  about  490  feet  beknv  the 
surface  the  trace  of  a small  faidt  ap])ears  in  the  southwest  wall.  Here 
the  beds  have  been  broken  and  the  u])per  beds  a])])ear  to  have  moved 
nortlnvard  over  the  lower,  the  total  disj)lacement  along  the  fault  being 
apparently  about  16  to  24  inches.  The  strike  of  the  fault  a]>pears  to 
be  about  X".  25°  E.,  and  the  dij)  35°  S.  The  fault  plane  is  gi’ooved  and 
slickensided  with  striae  that  trend  a])]iroximately  parallel  Avith  the 
di]i  of  the  fault  ])lane.  The  drag  of  the  beds  along  the  fault  ])lane 
is  irregular,  and  suggests  that  the  beds  aboA'e  the  ])lane  first  moA'ed 
soutliAvard,  then  north.  The  faidt  ])lane  itself  is  highly  compressed, 
but  joints  di])])ing  steejJy  soutlnvard  are  deA-eloped  along  the  ])lane 
and,  though  greatly  distorted,  are  ]>reserved,  filled  AAuth  quartz  and 
calcite.  These  joints  fall  into  tAvo  systems,  — one  nearly  A’ertical,  the 
other  dipping  45°  S.,  and  cutting  and  offsetting  the  A'ertical  joints  so 
as  to  make  it  aj)pear  that  the  u]A])er  ]>art  of  the  latter  moved  south- 
Avard.  It  is  thought  that  the  vertical  joints  indicate  a soutliAA’ard 
tensional  movement  of  the  beds  along  the  fault,  Avhich  Avas  folloAved 
by  a comj)ressional  moA'<*ment  that  ojiened  the  inclined  joints  and 
offset  the  earlier  system.  The  offset  produced  by  this  fault  is  too 
small  to  be  indicated  even  on  the  detailed  map. 

The  Jackson  Bangor  X”*).  7 (piarry  Avas  inacc(*ssible.  lloAvever,  it 
is  said  to  sIioav  a fault  at  a de]ith  of  about  160  feet.  The  movement 
is  re])orted  to  carry  the  Little  Hard  big  bed  aboA'e  against  tin*  (leiiuine 
])ig  bed  beloAV ; the  dis])lacement  is  thus  northward  and  about  70 
feet  beloAV  the  fault  ]>lane,  if  the  movement  is  normal  to  the  strike 
of  the  beds.  The  jilane  of  this  fault  is  said  to  parallel  that  of  the 
similar  fault  in  the  Jackson  Bangor  Xo.  6 (piarry  Avhich  strikes  X. 
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10°  W.,  and  dips  25°  XP],  If  the  faidt  intersects  the  160  foot  level 
of  the  quarry  near  the  middle  of  the  quarry,  it  should  appear  at  the 
surface  about  150  feet  'west  of  the  western  quarry  wall. 

In  the  Jackson  Bangor  No.  6 quarry  on  the  lowest  level  (depth, 
about  345  feet)  a similar  fault,  Imt  with  smaller  displacement,  is 
seen  on  the  quarry  floor  and  on  the  northwest  wall.  Its  strike  is 
p’enerally  X.  10-27°  W.,  and  the  dip  is  25°  XE.  The  beds  on  the 
under  side  of  the  fault  have  moved  northward  about  9 feet  along  a 
line  normal  to  the  strike  of  the  beds.  As  there  seems  to  have  been 
a horizontal  component  to  this  motion,  the  actual  displacement  in  the 
fault  plane  was  ])robably  gi-eater,  38  feet  along  the  striae  of  the 
plane,  which  trend  60°  W.  The  fault  plane  is  tightly  closed,  and  in 
many  jilaces  scarcely  recognizable  or  seen  only  as  a very  faint  crack. 

In  the  bottom  level,  in  the  extreme  southwestern  corner  of  che  same 
quarry,  a small  part  of  a new  fault  surface  was  exposed  by  channel 
(Uitting  in  December,  1923.  This  strikes  X.35°  AV.,  and  dips  15°  XE. 
It  is  ajiproximately  the  proper  level  to  represent  an  eastward  continua- 
tion of  the  fault  described  in  the  Jackson  Bangor  N'o.  7 quarry.  The 
sti'iae  observed  trended  X'.25°AA^.,  a])proximately  parallel  to  the  strike 
of  the  fault  plane.  As  the  beds  below  were  not  yet  exposed,  the  offset 
could  not  be  measured. 

The  difference  between  the  direction  of  the  striae  in  the  two  faults 
seen  in  the  Jackson  Bangor  Xo.  6 quarry  may  be  explained  by  as- 
suming for  the  hanging  wall  of  both  a horizontal  southward  movement 
and  for  the  upper  fault  a downward  movement  as  well. 

The  true  movement  along  these  two  faults,  as  far  as  can  be  as- 
certained, is  qualitatively  represented  in  Figure  14,  in  which  diagram 
A represents  the  lower  fault  and  diagram  B,  the  middle.  The  front  face 
of  both  diagrams  has  a strike  of  N.30°E.  and  the  direction  of  the  striae 
is  indicated  on  both  diagrams.  In  addition  diagram  B shows  why  the 
displacement  measured  along  the  striae  (pn)  is  greater  than  where 
measured  along  the  strike  of  the  fault  (mn). 

Presumably  these  faults  combine  to  form  the  fault  of  larger  dis- 
placement mentioned  as  affecting  the  Jackson  Bangor  No.  7 quarry. 

Between  the  present  working  levels  of  the  Jackson  Bangor  Xo.  6 
<piarry  and  the  bottom  of  the  Jackson  Bangor  No.  5 quarry  a fault  oc- 
curs, the  trace  of  Avhicli  may  still  be  seen  in  the  southeastern  Avail  of 
the  Jackson  Bangor  Xo.  6 ojAening,  as  Avell  as  along  the  northeastern 
wall.  Its  plane,  though  not  accessible,  Avas  estimated  to  strike  X 20°AY., 
and  to  dip  approximately  55°  XE.  Along  the  northeastern  Avail  the 
displacement  appears  to  be  4 feet,  the  upper  part  being  moATd  back 
that  distance,  but  the  movement,  to  .I'udge  by  the  similar  faults  already 
described,  Avas  iirobably  largely  horizonlal  and  far  greater  than  it 
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appears  to  be  in  this  section.  It  is  said  by  qnarryinen  to  have  offset 
the  beds  more  than  100  feet. 

A similar  fanlt  occurs  in  the  northeastern  (northern)  corner  of  the 
Jackson  Bangor  Xo.  5 cpiarry.  Its  trace  is  clearly  seen  high  on  the  v.-all 
of  this  ciuarry.  The  offset  is  not  known,  but  it  is  said  that  in  this  in- 
stance the  beds  above  the  fault  plane  moved  north. 

It  thus  appears  that  there  is  a system  of  faults  trending  northwest 
or  north  and  with  largely  horizontal  displacement.  These  may  lie  as 
late  as  Triassic  in  age,  or  may  represent  post-Martinsburg  or  post- 


Figure  14.  l>iagi’:iius  to  show  relation  of  striae  to  direction  and  amount  of  dis- 
placement of  faulted  hlock.s  in  .Tackson  llangcn-  No.  G quarry.  A.- 
lowest  fault,  with  striae  trending  about  X.M0°W.  : 11, -middle  fault, 
with  striae  trending  N.  G0°W. 


Carboniferous  relaxation  after  a period  of  thrusting.  Or  finally,  they 
may  actually  be  high-angle  thrust  faults  that  relieved  a horizontal 
compression  by  permitting  the  forward  movement  of  individual  seg- 
ments. The  last  explanation  is,  in  the  light  of  facts  so  far  obtained, 
the  most  acceptable. 

Bedding  slip  faults. — These  are  faults  which  are  associated  with 
close  folds,  and  in  which  most  of  the  movement  takes  place  at  such  a 


GO 


SLATE  IX  NORTHAMPTON  COUNTY 


loAV  angle  to  tlie  bedding  that  an  actual  plane  of  faulting  distinct  from 
the  bedding  jilanes  can  be  recognized  Avith  difficulty,  if  at  all.  For 
•such  faults  the  term  bedding  slij)  is  here  proposed.  Some  of  the 
features  inferred  to  as  “loose  ribbons”  by  the  (piariA'inen  are  bedding 
sli])  faults.  The  attention  of  the  observer  is  first  directed  to  the  fault 
Avhen  he  finds  that  the  attitude  of  the  upjier  (inner)  beds  in  a close 
syncline  is  not  like  tliat  of  the  lower  l>eds.  Closer  inspection  then  re- 
veals the  fact  that  near  the  axis  of  the  fold  these  upjier  beds  describe 
a larger  arc  than  do  the  loAver  ones,  hence  that  the  loAver  strata  are 
truncated  by  the  up})er  ones.  Associated  Avith  this  feature  is  generally 
a severe  mashing  of  the  beds,  Avith  irregular  cleavage,  closely  simced 
jointing,  and  much  deposition  of  quartz  and  calcite  in  open  cavities. 

Examples  of  this  feature  are  numerous.  The  north  Avail  of  the 
Albion  pit  is  perhaps  the  mo.st  striking  case  in  the  region,  rivalled 
only  by  the  north  Avail  of  the  Bangor  Vein  (Ncav  Peerless)  quarry. 
There  is  a suggestion  of  the  same  feature  in  the  north  Avail  of  the 
Jackson  Bangor  Xo.  6 quai'ry  near  the  surface.  The  Albion 
Vein  quarry  has  its  noidh  Avail  similarly  formed.  The  Bangor 
Fidelity  and  West  Bangor  ((uarries  sIioav  a slip  fault  along 
the  bedding  about  the  middles  of  their  side  Avails,  and  traces 
of  its  continuation  are  jireserved  in  the  CroAvn  quarry  to  the 
Avest.  Finally,  a trace  of  a similar  feature  is  to  be  seen  midAvay  be- 
tAveen  the  “back”  and  “front”  ends  of  the  opening  in  the  noi’th- 
east  Avail  of  the  X^orthampton  ipiarry.  Mention  is  made  of  this  type 
of  faulting  in  the  descriptions  of  each  of  these  quarries.  Tavo  out- 
standing examples  may  here  be  described,  hoAvever. 

In  the  Xevv  Peerless  (Bangor  Vein)  quarry,  the  beds  cuiat  sharply 
into  a syneline  having  an  axis  that  dijis  soutlnvard  only  about  8°  ; the 
general  bedding  strike  is  X^.40°E.  Immediately  south  of  the  north  Avail 
of  the  opening,  the  beds  curA'e  gently  in  the  trough  of  the  syneline 
and  the  cleavage  surfaces  are  horizontal  and  ])lane,  but  10  feet  farther 
south  the  dips  of  the  synclinal  limbs  flatten  and  the  cleaATige  becomes 
crennlated,  as  though  greatly  compressed  after  its  formation.  A 
sketch  of  this  ])art  of  the  fold  is  shoAvn  in  Figure  15,  A.  The  fault 
jdane  itself  apjiroximately  parallels  the  northern,  less  conqiressed  beds 
and  is  open  in  ])laces,  with  a filling  of  quartz  and  calcite,  much  of  the 
latter  haAdng  been  di.ssolved  aAvay  snbseipiently. 

In  the  Albion  (piarry  the  nortliAvestern  Avail  is  cut  into  a series  of 
reentrants.  At  about  the  middle  of  this  side  of  the  opening  there  is 
a remarkably  smooth  bedding  face.  The  bedding  north  of  this  face 
curves  gently  to  form  a rather  open  .syneline,  but  soiitliAvard  the  fold 
is  more  tightly  compressed,  Avith  a noticeable  bulge  at  the  axis.  IleaA'y 
and  closely  spaced  jointing  is  conspicioiis  at  the  bedding  surface 
marking  the  contact  betAveen  the  more  tightly  and  the  less  severely 
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compressed  parts  of  the  fold.  Tlie  jilane  of  contact  strikes  X.57  E., 
and  varies  its  di])  with  the  bedding'.  It  is  heavily  slickensided  and 
coated  with  quartz  and  calcite.  Vertical  .joint  planes  are  well  de- 
veloped under  the  axis  of  the  fold;  above  it  they  are  similar,  dijq)ing 
S0°S.  For  a diagram  of  these  relationshi])S,  see  Figure  lo,  P>. 


Figure  15.  Bedding  islip  faults:  A,  in  1‘eerless  quarr.v.  nor  jieast  wall:  show.s 
liedding  .slip  piano  (a-ai,  tlie  lower  part  of  wliicli  is  a (piartz  tilled 
crevice;  B,  in  Alluon  quarry,  viewed  from  soutliwest  wall;  shows 
fault  plane  (a-a)  and  vertical  joints  (h). 

A diagram  of  an  idealized  fault  of  this  type  is  given  in  Figure  Ki. 


Figure  16.  Diagram  of  ideal  bedding  slip  fault:  b-h.  fault  plane:  arrows  show 
aiqiarent  direction  of  nnoaunent. 
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^lovements  of  this  ty})e  can  best  be  interpreted  as  a ivav  of  relieving 
excessive  pressure  in  the  fold  axes.  The  attitudes  of  the  beds  and 
the  jointing’  suggest  that  bedding  slip  faults  were  means  of  permitting 
bulging  in  tlie  loAver  beds  of  troughs.  The  disturbed  cleavage  proves 
tliat  the  movement  took  place  after  sericitization ; if  the  period  of 
cleavage  development  of  the  slate  be  regarded  as  post-lMartinsburg, 
pre-Shawangunk,  these  faults  must  clearly  represent  an  adjustment 
to  thrusts  of  a deformative  period  much  later  than  the  IMartinsburg. 

Small-scale  faulting  in  calcareous  heels. — In  many  places  the  occa- 
sional calcareous  beds  are  broken  by  numerous  faults,  which  have 
approximately  horizontal  planes.  In  such  instances  each  little  segment 
of  the  limy  bed  has  glided  over  that  beneath  it,  so  as  to  yield  many 
small  fault's,  which,  as  they  parallel  the  axes  of  tiny  drag  folds,  may 
be  spoken  of  as  “drag  faults.”  It  is  significant  that  the  faults  never 
pass  into  the  slaty  beds  on  either  side,  but  die  out  at  the  edges  of  the 
calcareous  beds,  although  a parallel  suite  of  drag  folds  is  sometimes 
'\isible  in  the  slate  adjoining  the  limy  bed.  The  fault  planes  in  the 
calcareous  beds  are  generally  coextensive  with  the  cleavage. 

An  illustration  of  this  type  of  minute  faulting  is  given  in  Plate 
VI II,  A,  and  in  Figure  17. 


PLATE  ^ 


A.  S'liuill-seale  faulting  in  calcaivous  beds : the  acl.iacent  slate  beds  are  much  folded ; lenj 

of  siiecimen,  6 inches. 


:niovi:mext 


ri.ATK  \I1I 


I>.  ZdiK'  of  iiiovciiioiit  nioii};'  clo.i vaijo  piano,  lowest  level,  Kellast  quarry.  '1  wo 
(juart/  leiis(*s  art'  staai,  one  Ik'Iii,-  marked  1>.\'  the  hannner  Inanl.  Itireetioii  vt 
cdeavasie  indicated  1),v  arrow. 


Striae  or  sliekcaisidea  on  a ealeite-eoated  heddiii”-  plane  in  an  idd  qnarry 
near  Slatiimton,  I’a.  Shows  the  effect  of  heddiii”-  iilaiie  nioveiiieiit s. 
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Eiuuie  17.  Mnllioiicd  caloureoiis  IkhI.  closely  faulted,  and  midistorted  sla'e  beds 
below  it.  The  upper  surface  of  ibe  speciinen  is  heavily  striated. 
Lenstb  of  specimen.  10  inches. 

Movement  along  hedding  planes. — In  a series  of  beds  as  severely 
folded  as  tliose  of  the  iMartinsburg’,  movements  along  bedding  planes 
are  to  be  expected  and  are,  indeed,  of  common  occurrence.  They  are 
particularly  noticeable  in  tlie  middle,  sandy  member,  where  they  are 
commonly  associated  with  false  cleavage  and  Avith  “wrinkling”  of 
1he  bedding  surfaces.  They  are  also  commonly  seen  in  association 
Avith  the  rather  calcareous  beds  iti  the  soft  slate.  These  calcareous 
beds  are  called  by  the  quarrymen  “silver  ribbons.”  As  they  are  sub- 
ject to  solutioji  by  ])ercolating  Avaters,  they  commonly  become  sepa- 
i'ated  from  the  slate  beds  on  either  side,  leaving  a discontinous  crev- 
ice, along  Avhieh  the  slate  parts;  in  such  cases,  the  quarrymen  refer 
to  the  calcite  beds  as  “loose  ribbons.”  A surface  of  a loose  ribbon 
commonly  bears  slickensides  or  striae,  shoAving  that  movement  has 
taken  ]>lace  along  it. 

Movement  along  cleavage  planes. — The  moA'ement  along  cleaAmge 
planes  is  considerably  eAudenced  in  the  slate.  This  evidence  is 
most  noticeable  in  the  hard  slate.  Here  it  is  not  uncommon  to  find 
quartz  or  calcite  lying  in  the  cleaA’age,  ami  occasionally  striae  are 
still  preserved  on  the  cleavage  filling.  In  places,  joints  suggestive  of 
tensional  cracks  and  also  filled  Avith  calcite,  quartz,  or  a mixture  of 
both,  cut  the  cleavage  vertically  in  such  a Avay  as  to  suggest  tensional 
joints ; as  they  die  out  both  above  and  beloAV,  the  suggestion  is  that 
either  their  ujiper  or  loAver  ends  mark  the  intersection  Avith  the  cleav- 
age plane  along  Avhich  slipfiage  took  ]fiace. 

An  illustration  of  such  movement  is  seen  in  the  east  Avail  of  the 
Belfast  quarry.  Here  a zone  about  ten  inches  Avide  has  undergone 
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siiear  along  tlie  cleavage,  ivitli  the  development  of  openings  and  depo- 
sition of  (jnartz  in  the  oi)enings  so  formed  (see  Plate  VI  II.  1>). 

JOINTS 

Description. — In  folded  sediments,  joints  may  be  elassitied  in  vari- 
ous Avays.  Thus,  they  may  be  separated  into  “ eom[)ression  joints” 
and  “tension  joints”.  This  is  generally  unsat isfaetory,  as  it  re- 
quires a demonstrated  relation  to  sti’ess.  A elassiheation  ol  joints 
based  on  their  field  relations  to  bedding,  e.  g.,  “stihke  joints,”  “di]) 
joints,”  and  ‘‘obli(pie  joints,”  is  meaningless,  as  some  purely  arbi- 
trary limit  must  be  set  to  the  use  of  each  of  these  terms. 

In  these  studies  mueh  effort  was  s])ent  in  attemiding  to  find  a 
generalization  that  would  assist  in  the  interpretation  of  the  numer- 
ous joints  observed.  A ]Mirely  empirical  method  was  followed,  and 
no  classification  was  resorted  to.  (Many  observations  were  nnnle 
and,  Avhere  joints  Avere  ])lotted  fm-  small  areas,  they  Avere  seen  to 
fall  into  definite  grou[)s  oi-  systems;  hoAveveiq  no  satisfactory 
ndes  by  Avhieh  jointing  could  be  anticipated  Avere  discovei'ed  in  the 
district.  The  reason  for  this  is  probably  three-fold:  (1)  the  joints 
may  be  due  to  tAvo  sei)arate  orogenie  movements;  (2)  the  stresses 
vary  from  ])lace  to  ])laee  in  closely  folded  beds,  such  as  these;  (d) 
special  features,  such  as  bedding  sli]>  faidts,  are  coincident  Avith 
joints,  the  distribution  of  Avhieh  is  thus  a res])onse  to  highly  localized 
stresses. 

The  joints  obseiwed  are  of  tAvo  geneiad  types, — one  in  Avhieh  the 
planes  are  A'ery  smooth  and  regular,  the  other  in  AA’hieh  the  planes 
are  Avar])ed  surfaces  or  possess  ridgelike  protuberances  Avhere  bedding 
is  crossed.  Some  feAv  joints  are  horizontal,  but  these  are  not  common. 
Some  joints  are  coated  Avith  ealeite,  as  in  the  Tinsman  ipiarry;  others 
bear  pyrite  lenses,  Avith  the  long  dimensions  ])ai‘allel  to  the  stidke. 

Joint  spstems. — Strikes  and  dips  of  numerous  joints  Avere  plotted 
for  all  (piarries  examined.  TA\enty-tive  (tuarries  yielded  joint  patterns 
in  Avhieh  the  conspicuous  feature  is  the  large  number  of  northeast- 
Avard  bearing  strikes.  Examples  of  regulai'  joint  systems  ai'c  afforded 
by  the  eastern  part  of  the  southeast  A\adl  in  the  Albion  (piarry  (Plate 
IX,  A)  ; by  the  beautifully  rhombic  joint  iutei-sections  of  the  Albion 
Vein  and  Pearsons  (piarries;  and  by  the  east  Avail  of  the  Consolidated 
Xo.  1-Star  quarry  (Plate  TX,  1>).  Yet,  though  in  these  joints  there  is 
ahvays  a suggestion  of  definite  systems,  eA'en  in  joints  Avith  the  same 
strikes  the  dips  are  not  uncommonly  diA'crgent.  The  chief  significance 
of  this  predominant  northeastAvard  bearing  of  joints  is  that  the  forces 
producing  them  AA'ere  similarly  directed  Avitli  thos(>  producing  the  slaty 
cleavage.  Further  enqdrical  observations  are  given  in  the  section  on 
the  economic  geology  of  the  slate,  and  in  the  descri]ition  of  (pian-ics. 
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PLATE  IX 


A.  Regular  jointing  in  upper  part  of  southeast  wall  near  east  corner,  Alhiou 
quai’ry. 
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A.  Joint  surface,  curved  \\here  it  crosses  beds  of  varyiiis  composition. 
Height  of  exposed  surface,  2 feet.  Albion  quariy. 


r>.  Joint  surface,  "wrinkled"  and  cut  by  minor  joints, 
surfai  e,  (i  feet.  Ccdumlua  liangor  quarry. 


lamgtll  (d'  exiiost'd 
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PLATE  XI 


A.  (Jcntly  curved  cleaviijic. 
of  the  cleavage.  New  Peerless 


This  shall 
(luarry. 


can 


he  used  despite 


the  curvature 


P.  P<‘lation  hetwecii  ideavaii'e  ("split"),  heddiiitr,  and  araiii  in  ;i  hiock  of 
slate.  The  suid'aee  in  the  plane  of  the  piifie  is  irrain.  Ti'aees  of  bedding  ( I> ) 
and  of  elea\-age  ( .V  I are  \ isihle  in  tlie  plane  of  the  grain. 
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Joints  associated  irifJi  hedding  slip  faidts. — Tliere  are  “’enerally 
numerous  joints,  veiy  closely  spaced,  associated  with  bedding;  slij) 
faults  (See  Pig'ure  lo,  l>i.  They  are  ai)parently  shearinj^  effects 
lu'oduced  by  the  drag’  of  the  beds  moved  along  the  fault  i>lanc.  They 
are  invariably  nearly  vertical  and  ai)imar  to  follow  the  rule  that  the 
acute  angle  between  the  bedding  slip  fault  plane  and  joint  plane 
])oints  in  the  direction  of  movement  of  the  beds  affected  by  the  joints’'". 


MINOR  STHirTURES 

“ Catspau's”  or  ''blisters". — These  are  features  showing  on  the 
cleavage  faces  of  slate,  resembling  very  low  domes  that  have  heights 
of  less  than  an  inch  and  diameters  not  exceeding  one  foot;  instead 
of  rising  to  their  peaks  Avith  gradually  convex  slopes,  they  rise  above 
the  normally  flat  eleaA'age  by  a series  of  steps  which  form  concen- 
trically around  the  to])s.  They  resemble  the  percussion  marks  made 
in  flint  Avhen  the  latter  is  chipped,  — the  reverse  of  conchoidal  frae- 
tui-e ; tliey  may  be  coated  Avith  iron-stained  calcium  carbonate. 

Features  of  this  type,  though  common  in  the  (piarries  at  Slatington. 
are  but  rarely  observed  in  the  region  studied.  They  are  seen  locally, 
hoAA’eA’er,  esjAecially  in  the  old  (juarries  of  the  Slatcfield  grou])  and 
in  the  Arvon  and  XeAV  Bangor  ([uarries. 

Fractures  of  the  same  shape  lun^e  been  made  in  Hint-  -another 
dense,  fine-grained  rock — by  human  and  natural  agencies.  Avhen  stone 
is  struck  against  stone.  They  almost  sugge.st  the  effect  of  sudden 
pressure.  They  might  l)e  assigned  to  blasting,  but  that  the  cleavage 
gives  no  evidence  of  distortion,  and  ojien  cracks  in  the  near  neighbor- 
hood are  lacking;  further,  their  localization  aaouM  rem.;dn  to  be  e'v- 
plained,  as  blasting  is  a common  ]>ractice  in  all  the  quarries.  Such 
“blisters”  appear  to  luiAm  been  lu'oduced  by  sudden  shocks,  possibly 
such  as  earthquake  vibrations,  Avhereby  one  paid  of  the  slat(>  is  forced 
sharply  against  another  in  such  a AAvay  that  the  rebound  slightly  sepa- 
rates the  cleaA'age  Avhere  the  highest  part  of  tlie  dome  or  “lilister” 
noAV  is. 

" Wntersplits" . — These  are  creA’ices,  similar  to  joints,  hut  less  regu- 
lar, forming  generally  A’ery  Ioav  angles  Avith  tlie  horizfuital  and  Avith 
the  cleaA'age.  They  ajqtear  in  (piarries  after  a smooth  and  extensive 
cleavage  surface  has  been  exposed  to  the  air,  and  es]iecially  ■'vhen  one 
or  tAvo  of  the  quarry  sides  are  freed  by  channel  cuts.  By  the  (piarry- 
men  they  are  attrihuted  to  the  action  of  the  Avater  Avorking  its  Avay 
through  the  slate.  It  seems  improbable.  hoAvoA'cr,  that  Avater  itself  can 
form  openings  in  so  insoluble  a material.  Xor  is  ca|)illai’ity  knoAvn  to 
act  so  as  to  separate  the  tAvo  sides  of  crevices.  Another  jiossible  Avater 


“AA'iHis,  Hailey.  Geologic  .structures,  p,  179.  1923. 
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force  is  liydrostatic  pressure ; but  tliis,  it  seems,  should  be  more  effective 
aloug-  joints,  cleavage  planes,  or  other  ]>re-existing  fractures.  Water 
is  knovn  to  freeze  in  the  cracks  and,  with  the  expansion  incidental  to 
the  formation  of  ice,  to  force  the  rock  masses  asunder;  but  here,  again, 
pre-existing  crevices  must  be  appealed  to. 

It  is  necessaiy,  therefore,  to  find  some  other  cause  for  the  openings. 
When  a quarry  has  reached  some  depth,  the  overburden  is  gi'eatly 
reduced  in  the  opening,  but  still  exists  on  the  sidrs.  Tliere  is  thus  a 
relief  of  ])ressnre  Avithin  the  confines  of  the  cptarry,  Avhich  ])ermits  the 
slate  in  the  quarry  floor  to  bidge  ujnvard  slightly  for  one  or  mere  of 
the  folloAving  three  reasons; 

1.  The  buried  slate  is  normally  under  great  pressure,  due 
to  the  rock  aboAT ; AA'lien  this  is  removed  the  slate 
“springs”  upAvard. 

2.  The  AAmlls  of  the  quarry,  no  longer  held  apart,  noAV  that 
the  slate  has  been  removed  from  the  quarry,  cree]i  iiiAA’ard 
and  buckle  up  the  slate  in  the  quari-y  floor. 

3.  Pressure  exerted  near  one  end  of  the  top  of  a pack  of 
cards  tends  to  lift  and  separate  the  cards  at  the  opposite 
end  of  the  pack ; in  a.  similar  Avay,  the  rock  i)resses  doAvn- 
AA’ard  and  separates  the  slate  along  the  horizontal  planes; 
this  can,  of  course,  only  be  effectiAm  AA'lien  one  side  of  the 
slate  is  free. 


Proliably  the  sudden  ajijiearance  of  “Avater-splits”  is  best  ac- 
counted for  by  the  second  and  third  explanation.^. 

Similar  movements  in  rocks  in  the  course  of  quarrying  have  been 
noted  elscAvhere.  Thus,  Buckley  and  Buehler'®  descrihe  the  gradual 
closing  of  channel  cuts  in  limestone  quarries,  as  folloAvs : 

“At  the  northeast  corner  of  the  qimrry  rlie  loAver  beds  giA’e  evidence 
of  being  under  slight  stress.  When  making  the  opening  or  head  cut 
north  and  south  on  each,  of  the  three  loAver  channel  cuts,  it  Avas  found 
that  as  this  cut  deepened  it  closed  iiercejitibly,  and  smaller  bits  Avere 
necessary  to  continue  the  AAmrk.  The  effect  was  noticed  after  the 
stone  had  been  channeled  from  Iaao  to  three  feet  from  the  top  of 
the  bed.  The  stone  for  about  eighteen  inches  on  each  side  of  the 
channel  cut  shoAved  many  fine  joints  parallel  to  the  bed.” 

’•‘“Euckley,  E.  R..  and  Buehler.  H.  A.,  The  quairrying  industry  in  Missouri :: 
Missouri  Bur.  of  Oeol.  and  Mines,  Report,  vol.  II,  2nd  Ser.,  p.  127,  1904. 
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METAPHORISM  OF  THE  SLATE 

SUM^IAIIV 

When  sufficient  pressure  is  brought  to  bear  on  clay  sediments  they 
5ire  altered  in  mineral  comjiosition.  'I'liis  alteration  ex]n’oss(»s  itseil’ 
chemically  by  the  very  general  absence  of  the  more  solulile  consti- 
tuents and  by  some  loss  of  'water  from  hydrated  molecules;  such 
changes  have  the  etfect  of  increasing  the  density  of  the  individual 
crystal  grains.  Physically  the  alteration  is  expressed  l)y  an  intense 
compacting  of  the  rock  matter,  the  chief  evidence  for  'which  is  the 
development  of  crystal  forms  that  are  thin  flakes,  rather  than  grains. 
Incidental  to  compacting,  minor  adjustments  take  place  throughout 
the  body  of  the  rock,  so  that  granular  minerals  are  sheared,  rolled, 
or  comminuted,  all  of  these  processes  being  methods  of  adjusting 
them  to  increased  stresses.  Such  chai'iges  in  rock  masses  induced  by 
an  increased  pressure  as  primary  agent  are  called  dynamic  meta- 
morphism.  Slate  is  thus  produced. 

Slate  is  in  nio.st  eases  a clay  sediment  that  has  been  subjected  to 
stresses  other  than  those  of  siniiile  gravitation.  Thin  sect.ons  of  slate 
us  seen  under  the  microscojie  are  thus  characterized  V)y: 

1.  General  compactness. 

2.  Granulation,  shear,  or  other  evidences  of  strain  in 
jtarticles  that  have  all  three  dimensions  approximately 
equal,  and 

3.  Parallelism  in  the  directional  orientation  of  flat 
minerals,  which  are  either  developed  during  the  nieta- 
morjfliism  or,  having  been  present  before  the  pressure 
was  initiated,  are  turned  in  such  a way  as  to  have  their 
flat  or  long  surfaces  arranged  parallel. 

Chlorite  and  sericite  are  two  minerals  commonly  found  in  slates 
and  showing  a marked  tendency  toward  the  development  of  such  flat 
surfaces. 

1)ET.\1LE1)  DESf  PJPTTOX 

Minerals  of  the  slate. — As  stated  in  the  section  on  the  composition 
of  the  slate,  the  minerals  found  in  the  slate  of  the  region  studied  are 
quartz,  caleite  (jirobalily  magnesia-bearing),  muscovite  (sericite), 
chlorite,  plagioclase,  biotite,  rutile,  ]iyrite,  magnetite,  graphite,  zircon, 
and  probably  kaolin  and  limonite. 

Of  the  quartz  two  ty])es  can  generally  be  recognized : Type  1 shows 

fracturing  or  strain  shadows  in  many  instances,  generally  stands  out 
Avith  Avell  marked  boundaries  against  the  groundmass.  and  frequently 
bears  conspicuous  numbers  of  small  inclusions  (rutile  needles,  bubbles, 
and  the  like)  ; the  individual  grains  are  large  and  rounded,  Avith  all 
three  dimensions  approximately  equal.  This  tyjAe  of  quartz  has  been 
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largely  replaced  by  calcite.  Type  2 is  in  smaller  particles,  the  edges 
of  which  fade  irregularly  into  the  unresolved  groundmass,  being  in- 
tergrown  with  muscovite  and  chlorite ; there  are  no  strain  shadows 
and  no  granulation  is  seen  with  certainty.  The  calcite  cannot  be 
said  to  rejdace  tins  (piartz,  although  the  hazy  crystal  boundaries  of 
the  latter  make  this  fact  difficult  to  ascertain.  Inclusions  in  the  second 
elass  of  (putrtz  are  rare. 

Calcite  is  generally  in  rhondis  or  in  irregular  masses  replacing  the 
fpiartz,  or  filling  crevices  between  minerals  or  crystal  fragments. 

iMuscovite  is  in  shreds,  weaving  between  the  granular  minerals.  In 
many  places  it  show's  a border  of  chlorite.  It  is  possible  that  some  of 
this  mica  is  paragonite,  the  soda  mica. 

Chlorite  a]R)ears  as  shreds  or  threads  enmeshing  the  granular  min- 
erals. It  also  occurs  in  lenticular  areas,  with  w'cll  defined  cleavage; 
in  the  latter  cases  the  cleavage  gives  the  mineral  the  appearance  of 
slender  flakes  laid  side  by  side  and  not  uncommonly  one  or  several 
of  these  flakes  (generally  the  more  central  ones)  show  the  high  inter- 
ference colors,  parallel  extinction,  changing  relief,  and  paleness  of 
‘muscovite;  in  the  centers  of  such  lenses  traces  of  the  pleochroism  of 
biotite,  with  clouds  of  limonite  nearby,  are  still  to  be  seen.  The  chlorite 
is  largely  an  alteration  ]U'oduct  of  biotite. 

Plagioclase  is  generally  fresh.  Biotite  is  ]iresent  only  in  remnants 
in  the  chloritic  lenses.  Rutile  occurs  as  primary  inclusions  in  quartz, 
but  is  occasionally  found  in  calcite,  where  the  quartz  is  replaced  by 
the  carbonate,  and  is  also  scattered  through  the  mass  of  the  rock  with 
I'hlorite  and  mica.  Pyrite,  magnetite,  and  grayihite  occur  in  spherules. 
(Magnetite  locally  shows  as  fillings  in  the  center  of  chloritic  areas, 
forming  tiny  veinlets,  much  like  those  of  chrysotile  asbestos  in  ser- 
pentine. 

Zircon  is  present  in  rounded  grains. 

Inclusions  of  i)rimary  apatite  are  seen  in  the  (piartz  grains,  but  are 
not  of  importance  in  the  problem  of  metamoiqihism. 

Deformations. — The  correct  interpretation  of  rock  changes  is  at 
once  the  noblest  and  most  difficult  ])hase  of  petrology.  In  the  problem 
in  hand  it  can  be  accomplished  only  by  a study  of  tlie  micro-  and  mega- 
sco]uc  structures  of  the  slate.  At  the  very  outset,  the  problems  raised 
apjiear  to  lie  insurmountable,  and  even  extended  scrutiny  of  thin  see- 
lions  makes  the  answ'ers  more  nearly  interpretations  than  final  solu- 
tions. 

In  this  research  the  effort  was  made  to  follow'  the  sequence  of  mineral 
development  in  metamorjihism.  It  has  been  ]iointed  out  in  the  section 
on  structural  geology  that  two  periods  of  compressive  deformation 
are  recorded  in  the  larger  structures  of  the  slate.  It  is  believed  that 
microscopic  evidence  favors  the  same  interpretation  because  of  the 
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])resenee  of  two  suites  of  metanior])liie  niiiierals.  Tlie  iniueval  suites 
of  the  two  ap])arently  distinct  nietamori)liie  periods  may  rci)reseut 
a rather  continuous  ])rocess  in  two  ste])s  i)coinnin”'  witli  clay  and 
ending-  with  the  slates  of  today,  l^ut  since  field  evidence  favors  two 
separate  deformations  and  miero]mtrogra])liy  appears  to  demonstrate 
two  stages  in  nietainorphi.sm,  it  seems  logical  to  assume  coi-respondence 
between  the  second  metamorphisin  and  the  second  deforjiiation.  That 
the  tirst  orogenic  and  metamorithie  i)eriods  were  altout  coextensive  in 
time  cannot  be  doubted. 

Primary  minerals. — Of  the  minerals  listed,  those  that  were  origiti- 
ally  present  in  the  rock  are:  (piartz  (ty])e  1).  zircon,  plagioclase, 
carbon,  biotite,  some  magnetite,  rutile  and  apatite  inclusions  in 
rpiartz. 

Quartz  and  zircon  are  highly  rounded  and  are  clearly  trans])orted 
sedimentary  grains.  The  same  explanation  probably  a])|)lies  to  mag- 
netite. The  biotite  is  in  ma.sses  comparable  to  the  quartz  grains  in 
size  and  shows  little  if  any  actual  ])arallelism  in  orientation,  yet 
such  orientation  migld  be  expected  had  the  mineral  been  of  meta- 
mori)hic  origin.  The  carbon  ])i-obably  represents  organic  matter  mixed 
Avith  the  muds  and  clays  when  the  sediments  were  laid  down. 

Unquestionably  much  clay  Avas  present  in  the  original  sediments, 
but  only  the  minerals  deriA'ed  from  it  noAV  bear  evidence  of  its  earlier 
presence. 

Physical  changes  iniJuced  i)i  first  period  of  mefamorphism. — When 
these  sedimentary  minerals  underAvent  their  first  seA’ei'e  compression, 
some  Avere  altereil  into  substances  described  beloAv.  Others,  hoAvever, 
suffered  little  chemical  change,  being  merely  broken  or  distorted. 
Others  again  AA^ere  both  deformed  and  chemically  metamorphosed. 

The  quartz,  having  no  gliding  planes  along  AAdiieh  movement  could 
readily  take  place  ami  being  a comjAact,  relatively  insoluble  mineral, 
underAvent  internal  molecular  or  supermolecidar  strains  and  Avas 
fractured  or  cA-en  comminuted. 

Biotite,  on  the  other  hand,  Avas  not  only  chemically  altered,  (see 
beloAv),  but,  becaiise  of  its  flexible  character,  Avas  deformed  as  Avell, 
so  that  its  cleaA-age  is  curved  and  its  tlakes  frecpiently  highly  bent. 

Chemical  changes  induced  hi/  prsf  period  of  medimorphism. — Under 
the  severe  pressure  set  up  by  the  deformations  tliat  shattered  the 
ouartz  and  bent  the  biotite,  chemical  changes  Avere  also  effected.  It 
a]ipears  from  a stAuly  of  the  thin  sections  that  the  biotite  Avas  almost 
completely  altered,  being  serieitized  and  perha])s  partly  chloritized ; 
this  change  is  shoAvn  occasionally  by  traces  of  partly  bleached  biotite 
in  the  centers  of  lenticular  masses  of  chlorite;  in  the  lattei-  the 
cleavage  is  parallel  to  that  in  the  biotite  and  occasional  cleavage  tlakes 
are  museoAdte  (serieite)  instead  of  chlorite.  The  AAriter  is  aAvare 
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that  the  change  from  biotite  to  muscovite  has  not  been  recorded  and 
tliat  a satisfactory  explanation  of  the  source  of  potash  in  the  muscovite 
cannot  be  given.  It  is  pointed  out,  however,  that  the  iron  and  mag- 
nesia of  the  biotite  may  well  have  entered  the  chlorite,  while  all 
analyses  of  biotite  yield  some  potasli ; further,  ]mtash  lias  a peculiar 
affinity  for  clays'",  which  es]iecially  favors  the  formation  of  muscovite. 
Hutchins*®  has  shoAvn  that  the  white  mica  of  clay  slates  is  very  imiiure,. 
containing  iron,  magnesia,  and  soda.*^  It  seems  reasonable  to  con- 
clude, therefore,  that  the  first  change  affecting  the  biotite  was  an  al- 
teration to  muscovite,  and  perhaps  in  part  to  chlorite. 

At  the  same  time  the  clay  of  the  original  sediment  was  undergoing 
conversion  into  muscovite  (sericite).  Gramdation  and  fracturing  of 
the  quartz  resulted  in  the  opening  of  crevices  betrveen  adjacent  parts 
of  a quartz  grain,  and  the  ubiciuitous  muscovite  appeared  here  as 
well.  An  illustration  is  furnished  by  Pigni’e  18. 


Figure  18.  i\Iici'()sc()i)ic  aiipearanee  of  secondary  sericite  filling  crevices  in  pri- 
mary quartz.  The  "ishredded"  mineral  is  mica;  Cy  quartz.  New 
l>iamond  iiuarry.  Pen  Argyl.  X 

Synchronously  secondary  quartz  began  to  develop  throughout  the 
rock  mass,  filling  what  spaces  were  created  by  the  removal  of  the 
soluble  minerals.  New  quartz  attached  itself  to  primary  quaiffz  grains 
in  the  familiar  manner  of  secondary  quartz  in  quartzites. 

The  development  of  rutile  is  probably  also  to  be  assigned  to  this, 
metamorphic  stage. 

The  net  result,  in  sliort,  of  the  mineralogical  changes  induced  by 
tiie  first  period  of  metamorphism  Avas  the  cleA'elopment  of  clay  slate 
rich  in  quartz,  sericite,  and  probably  chlorite. 

PJnisical  changes  induced  in  second  period  of  nietamo)  'phisin. — Very 
probably  the  second  deformation  resulted  in  further  straining  and 
fracturing  of  the  quartz,  but  the  effects  produced  cannot  lie  distin- 

■^meith.  C.  K.,  and  Mead,  AA".  J.,  Metamorphic  Geology,  p.  106,  1915. 

^^Hutchins,  AV.  M.,  Clays,  shales,  and  slates:  Geol.  Magazine,  vol.  Ill,  pp.  313, 
etc.,  1896. 

®'Por  typical  analysis  of  muscovite,  see  Iddings,  .1.  n..  Rock  minerals,  p.  4.30, 
1906  ; also  Dana,  ,1.  D.,  The  system  of  mineralog'y,  6th  Ed.,  pp.  617-619,  1914. 
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guislied  from  tlio.se  of  tlie  first  deformation.  ]\[iiseovite  masses  -were 
warped,  lieiit,  oi‘  fractured  as  is  seen  in  Figaiia*  Ifi.  At  tliis  time 


Fimire  lit.  ^Microsc'onic  view  of  lioiidins  ami  f l■ac•tul■ill,i^  in  llako.s  of  secondary 
inuscoviti'  ( st'i'icile ) . Xew  Iiianiond  qiiaiTv,  I’en  Ai.ux  l.  X .‘’.'in. 

also,  po.ssibly,  -were  formed  crevices  in  the  rock;  these  were  filled  willi 
calcite. 

ChonicaJ  changcft  induced  hif  second  periods  of  inefamorphism . — The 
outstanding  chemical  change  induced  during  the  second  metamo]-])hie 
I'leriod  Avas  the  notahle  increase  in  the  magnesium  content  of  the 
rock.  To  this  jicriod  in-ohahly  should  he  attrihuted  the  formation 
of  much  if  not  all  of  the  chlorite  into  which  the  sericite  of  the  original 
hiotitic  areas  was  altered.  Isolated  tihei's  of  seiacite  apiiarmilly  not 
deATlo])cd  from  hiotite  wen*  also  cldoritized,  at  least  at  tlnfir  margins. 
In  the  thin  sections  examined,  it  is  common  to  find  an  area  of  chlorite 
surrounding  single  flakes  Avitli  the  tyjiical  high  hirefringenci'  of  mica. 
Keverthele.ss,  the  muscovite  is  generally  .still  quite  fresh,  showing  no 
corrosion. 

Another  change  wdiich  took  place  either  during  oi-  after  this  meta- 
moriihic  period  Avas  the  extensiA'e  I'cplacement  of  quartz  hy  calcite. 
This  is  clearly  seen  in  the  fractures  of  the  quartz,  Avhich  are  largely 
filled  Avith  calcite,  and  in  the  irregular  emhayments  of  calcite  into 
quartz.  Illustrations  are  furnished  in  Figure  20.  Locally  several 


t iynre  I'o.  AIicriisco])ic  n'l'aiiis  (d'  quartz  r(‘i)la('cd  (.A  and  l!i  oi'  with  civv- 

iC(‘s  tilled  hy  secondary  calcite  (d);  in  each  case  all  of  the  (|iiarlz 
is  part  of  one  crystal.  Xew  Itianioiid  qtnirry,  I’mi  .Arsyl.  X .'’.50. 


S2 


SLATE  IX  XOKTIIAMI'TOX  COUXTY 


quartz  grains,  still  showing  the  siniultaneous  extinction  which  proves 
that  they  were  originally  all  ]>arts  of  a single  crystal,  are  separated 
by  narrow  strings  of  calcite.  As  the  calcite  shows  no  gliding  along 
cleavage  planes  it  cannot  have  been  subjected  to  much  pressure 
since  it  was  laid  dovua. 

To  summarize: — the  effect  of  this  later  ]>eriod  of  metamorphism — if 
indeed  these  changes  can  be  assigned  to  a sei)arate  time  interval  and 
are  not  merely  gradationally  continuous  with  the  earlier  metamor- 
phism— was  to  alter  much  of  the  preexisting  muscovite  to  chlorite  and 
to  replace  some  of  the  quartz  A\dth  calcite. 

GEOLOGIC  HISTORY 

SUMMARY 

It  is  not  a ])urpose  of  this  report  to  detail  the  geologic  history 
of  the  rocks  in  the  slate  belt.  A brief  summary  only  is  presented. 

After  the  laying  down  of  the  marine  Lower  aiid  Upper  Cambrian 
sediments,  the  Lower  Ordovician  (Beekmantown)  limestones  were 
dejmsited  also  in  the  sea.  This  sedimentation  was  followed  by  an  up- 
lift, and  then  ensued  another  submergence,  with  the  deposition  of  the 
shaly  limestones  and  shales  of  the  Jacksonburg  and  Martinsburg. 
There  followed  a ]>eriod  of  intense  folding,  with  renewed  uplift;  at 
this  time  the  shales  were  highly  eomjtressed  and  partly  at  least  con- 
verted to  slate.  Then  came  submergence  again,  and  the  laying  down 
of  the  Shawangunk  conglomerate,  followed  by  the  deposition  of  a great 
thickness  of  sediments,  mainly  marine,  but  partly  of  fresh  water  origin. 
Finally,  at  or  near  the  close  of  the  Paleozoic  came  another  severe 
disturbance,  the  A])])alaehian  revolution.  In  the  horizontal  plane  the 
force  which  caused  this  was  directed  similarly  to  that  affecting  the 
region  at  the  close  of  iMartinsburg  sedimentation. 

There  followed  a long  time  during  which  weathering  and  erosion 
affected  the  rocks  of  the  region.  Flat  surfaces — the  erosion  base  level 
of  rivers — were  formed,  the  country  rose,  and  the  rivers  started  the 
work  anew;  this  process  of  base  leveling  and  U]dift  occurred  re- 
peatedly and  is  called  “ imneplanation.  ” 

Later  yet  came  the  ice  of  the  Pleistocene,  removing  much  of  the  nor- 
mal debris  that  the  work  of  running  water  and  the  atmosphere  dis- 
tribute over  the  surface  of  the  earth  ; at  the  same  time  the  ice-borne 
material  from  the  north  took  the  place  of  the  decayed  soil  cover. 

Since  the  retreat  of  the  ice,  the  glacial  deposits  and  the  under- 
lying partially  decayed  rocks  have  been  suffering  the  usual  stream 
erosion. 

PATiEO/Oir  ERA 

fUnuhrian  and  early  Ordovician  sediment ation. — In  Lower  Cambrian 
times  the  region  was  submerged  and  a coastal  line,  not  far  east  of 
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the  area  described,  was  devel()|)ed.  Into  this  shallow,  coastal  sea, 
rivers  coming'  down  from  the  older  highlands  to  the  east  brought 
the  coarse  sands  of  the  Ilai'dyston  formation.  As  the  seas  deei)ened 
and  the  highlands  were  worn  lower  and  lower,  the  sediments  became 
clayey  and  eveTi  calcareous,  and  the  argillaeeous  limestones  of  the 
Tomstown  foi'uiation  Avere  dei)Osited. 

This  ])criod  of  deposition  Avas  folloAved  by  a I'ise  of  the  sea  bottom 
in  such  a Avay  as  to  expose  the  ui)])er  ])art  of  the  TomstoAVU  to  erosion. 
In  i\Iai'yland  dc])osition  continued  for  a longer  tiim*  and  other  l)e  Is  of 
lime  and  clay  are  found  above  the  TomstoAvn."- 

After  .some  erosion,  lasting  from  loAver  IMiddle  (tand)i'ian  to  loAver- 
most  U])])cr  Cambrian  time,  the  region  Avas  again  submerged,  again 
beneath  a shalloAv  sea.  As  no  highlands  existed  neai'by,  the  sedi- 
ments accumulated  Avere  almost  altogether  calcareous.  That  they 
Avere  of  shalloAv  Avater  origin  is  confii'med  by  the  presence  of  oolites, 
cross-bedding,  and  edge-Avise  conglomerate.  These  calcareous  muds 
formed  the  AllentoAvn  limestone  of  Fpimr  Cambrian  age. 

Later  the  faunas  in  the  sea  chang(*d  somcAvliat,  becoming  I'ecogniz- 
ably  Oi'dovician.  The  magnesian  limestone  beai-ing  these  faunas  con- 
.stitute  the  LeekmantoAvn  foi'ination  of  this  I'cport. 

Eai'ly  Ordovican  sedimentation  Avas  brought  to  a close  by  a lesser 
uplift,  foi-  Avhich  the  eA’idence,  <is  ])resented  by  the  Xcav  dersey  Geo- 
logical Survey,'^*  consists  of  the  ])i'csence  of  a marked  local  unconform- 
ity and  of  rounded  fragments  of  the  LeekmantoAvn  in  the  basal  beds 
of  the  OA'crlying  limestone. 

Jaeksonhiurj  sediinentafioii . — After  some  erosion,  the  land  surface 
Avas  loAvered  in  IMiddle  Ordovician  time  and  sedimentation  again  set 
in.  Calcareous  muds  Avere  laid  doAvn.  and  in  them  life  abounded.  The 
fossil  forms  suggest  shalloAV  (piiet  seas.  The  irregularity  in  distribu- 
tion and  thickness  of  these  beds  point  to  their  deposition  close  to  the 
shore. 

MartDishui'f/  scduuenfaiinu . — 7>y  an  almost  ]ierfect  gradation,  the 
calcareous  sedimentation  of  the  .Tacksonburg  gaA'e  Avay  in  Eden  times 
to  the  graphitic  sandy  and  calcareous  clays  of  the  IMai't iusbui'g.  Tiie 
argillaceous  and  (in  the  middle  imnuber)  arenaceous  character  of  the 
neAV  strata  suggests  that  they  Avei'e  laid  doAvn  in  a shalloAving  sea  or 
-— Avhat  is  more  ])robable — that  the  nearby  land  masses  to  the  east 
suffered  an  u])lift  si;ch  that  the  rejuvenated  sti'cams  bore  more  and 
coarser  .sediment  and  cai'ried  it  fai'ther  out  to  the  sea  than  dui'ing 
the  -Tacksonburg  .stage.  This  ujilift  apparently  attained  its  climax 
during  the  middle  of  Martinsburg  times 

A study  of  the  Martinsburg  shales  and  sandstoiu's  suggests  seA'eral 

*=Bassler,  R.  S..  The  Cambrian  and  Ordovician  deposits  of  Alarvland:  Alarvland 
Geol.  Survey,  pp.  fifi-74,  ISIS. 

“Kunimel.  H.  R.,  Report  on  Portland  cement  industry;  New  .Tersev  Geol.  Survev, 
Ann.  Kept,  for  1900,  p.  36,  1901. 
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facts  regarding  their  origin.  The  finding  of  brachiopods  and  grap- 
tolites  points  to  their  being  marine  deposits,  and  as  the  faunas  are 
not  provincial  in  distribution  and  contain  such  plankton  as  graptol- 
ites,  it  is  evident  that  the  0])en  sea  was  accessible  somewhere  along  the 
coast. 

Very  probably  the  Martinsliurg  sea  wms  a shallow  arm  connected 
with  the  o]ien  Atlantic  across  Maryland.  That  it  had  a fairly  con- 
stant depth,  so  that  sediment  was  disti'ibuted  evenly  over  mo.st  of  its 
bottom,  is  shown  by  the  uniformity  of  the  sequence,  bed  for  bed. 

(Shallow  water  is  indicated  by  the  ripple  marks,  cross-bedding,  and 
i'a])id  alternation  of  various  ty]>es  of  sediments.  The  remarkable  change 
from  gra]diitic  to  more  purely  clayey  layers  may  be  explained  on  the 
basis  of  secular  variations,  or  it  may  be  assigned  to  storms,  which  stir 
nj)  the  sea  bottom  and  permit  the  differential  gravitative  settling  of 
sediments;  if  the  latter  ex])lanation  be  acce])ted,  it  is  difficult  to  under- 
stand why  the  contact  between  the  light  and  dark  beds  is  so  sharp. 

The  ]u-esence  of  thick  lenses  of  limestone  in  the  louver  member  of 
the  iMartimsburg  may  be  attributed  to  small,  deeper  pools,  not  access- 
ible to  mud-bearing  streams,  such  as  may  be  found  on  any  irregular 
slioi-e. 

Tlie  source  of  the  sediments  is  not  greatly  in  doubt.  The  material 
of  Avhich  the  IMartin.sburg  is  composed  almost  surely  came  from  the 
east,  for  cross-bedding  everywhere  di])s  westward  and  current-ripple 
marks  generally  have  their  stee]>er  sides  toward  the  west.  A source 
for  the  gra.]ihite  that  is  so  common  in  the  dark  beds  yet  remains  to  be 
discovered.  The  idea  is  here  tentatively  submitted  that  during  the 
summer  and  fall  the  vegetation  that  floated  out  to  the  sea  added  car- 
bonaceous material,  ■while  in  the  winter  and  spring  only  occasional  bits 
of  jdants  accnmnlated  in  the  shallo-w  basin. 

Posf-Marfinsl)vrfi  eroftum. — After  the  close  of  Martin.sburg  deposi- 
tion, the  shales  and  underlying  rocks  were  probably  thro-wn  into  folds 
resembling  what  is  seen  today.  This  was,  of  course,  accompanied  by 
n])lift  and  the  withdrawal  of  the  sea.  Coincident  with  the  deforma- 
tion, the  shale  was  very  highly  sericitized,  and  probably  made  into 
a true  .slate  or  at  least  clay  .slate. 

As  the  sea  'withdi-ew  the  slate  was  ex]iosed  to  erosion  and  so  -was 
made  to  contribute  materials  for  the  next  series  of  sediments. 

There  is  thus  a marked  post-lMartinsburg  unconformity.  The  evi- 
dence for  this  is  as  follows: 

1.  The  effects  of  the  two  ]iei‘iods  of  deformation  can  be  recognized 
in  the  structures  of  tlie  iMartinsburg  formation,  an  earlier 
which  folded  the  beds  and  a later  which  folded  the  cleavage. 
As  the  latter  must  be  post-Carboniferous  (there  being  no  I\Ies- 
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ozoic  or  Ceiiozoic  period  of  intense  folding),  the  earlier  is  post- 
IMartinsbnrg,  pre-Shawangaink. 

2.  Two  periods  of  metainor])hisni  of  the  slate  are  believed  to  be 
recognized  on  microscopic  evidence.  To  these  metaniorphie 
epochs  reasoning  sindlar  to  that  employed  in  the  case  of  the 
orogeidc  epochs  (paragraph  1,  above)  applies. 

3.  Within  the  basal  conglomerate  of  the  Shawangnnk,  the  next 
formation  above  the  iMartinsbnrg,  pebbles  of  dark  slate,  with 
cleavage  in  tlie  individual  pebbles  not  similarly  oriented,  are 
seen.  If  the  pebbles  had  the  cleavage  similarly  oriented,  their 
presence  in  the  Shawangnnk  ndght  be  attributed  to  a slight 
erosion  interval  and  their  ])resent  sericitization  to  post-Car- 
boniferons  folding;  bnt  as  it  is,  these  jiebbles  ch'arly  demon- 
strate tlie  sericitization  of  the  iMartinsbnrg  before  the  laying 
down  of  the  Shawangnnk  conglomerate. 

4.  The  Shawangnnk-Martinsbnrg  contact  is  rarely  seen,  becanse 
of  the  cover  of  tains  from  the  conglomerate.  Bnt  in  those 
places  in  Pennsylvania  and  New  Jersey  Avhere  it  is  visible 
an  nnconformity  is  observed.  There  is  an  exj)osnre  at  the 
Lehigh  Water  C4ap,  where,  in  the  Central  of  New  Jersey  Rail- 
road cnt,  is  seen  a divergence  of  9 - 12°  in  di])  and  15°  in 
strike,  with  a 30-inch  zone  of  nnnsnally  heavy  conglomerate  in 
the  base  of  the  Shawanginik  beds. 

Even  with  perfect  paralleli.sm  over  short  distances  between 
the  beds  of  the  two  formations  in  question,  the  ])resenee  of  an 
nnconformity  is  not  ])reclnded,  as  snch  parallelism  may  be 
expected  in  recumbent  folds. 

This  conclnsio7i  has  been  defended  by  Miller  and  Behre®^  following 
the  early  work  of  several  geologists,  notably  Schnchert”^  and  White'^®, 
and  in  disagreement  with  the  view  recently  advanced  by  Keith®'. 

Silurian  and  later  deposition. — The  severe  folding  at  the  close 
of  the  Martinsbnrg  is  further  suggested  by  the  coarse  and  iieavy 
sedimentation  at  the  beginidng  of  the  Shawangnnk  epoch,  Avlnch  is 
here  provisionally  i-eferred  to  the  Silurian.  Thick  conglomerates  and 
sandstones  were  laid  down ; these  Craban®®  has  rcferi-ed  to  deltaic 
origin. 

They  were  followed  by  a great  thickness  of  sediments  that  do  not 

*-*Mnier.  B.  B..  Taconic  folding-  in  Bennsylvania  ; Belire,  C.  H..  .Ir..  Taconic 
folding  in  the  Martinsburg  shales:  Oeol.  Soe.  Am..  Bull.,  vol.  ,3fi.  Xo.  1,  19-25. 

®-'Sohuchert.  Charles.  .Silurian  formations  of  southeastern  X'ew  Vork.  New  .Jer- 
sey and  Penn.sylvania  : Ceol.  Soc.  Am.,  Bull.,  vol  27.  pp.  531-5.54,  191(5.  Ibid.,  Text- 
book of  geolog-y,  Pt.  II,  p.  660,  1920. 

'*5Vhite.  I.  C..  Geology  of  Pike  and  Wonroe  Counties:  Pennsylvania  Second 
Geol.  Survey,  Report  G 6.  p.  237,  1882. 

-nCeith.  Arthur,  Outlines  of  Appalachian  structure:  Geol.  Soc.  Am..  Bull.,  vol. 
34,  pp.  331-334,  1923. 

®''Grahau.  A.  W..  Paleozoic  delta  deposits  of  North  America:  Geol.  Soc.  Am., 
Bull.,  vol.  24,  pp.  406-442,  1913. 
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appear  in  the  region  here  mapped,  and  hence  may  be  omitted  from 
this  description. 

Appalachian  folding. — Toward  the  close  of  the  Permo-Carboniferous 
(Upper  Carboniferous)  the  strata  now  composing  the  Appalachian 
iilountains  were  thrown  into  close  folds.  This  orogenic  epoch  is  spoken 
of  as  the  Appalachian  Eevolution.  At  the  Big  Offset  in  the 
Kittatinny  Mountain  a Avestward  pitching  syncline  in  the  ShaAAmn- 
gnnk  formation  is  to  be  attributed  to  this  period  of  folding ; here 
the  beds  on  the  northeastern  end  of  the  Offset  dip  sontliAATStAA’ard, 
AA'hile  an  eigiith  of  a mile  north  they  dip  21°  S.  and  strike  N.  60°  E. 
At  Tott  Gap  in  the  same  cpiadrangle  the  ShaAA'angnnlv  dips  80°  S.  at 
1200  feet  altitude,  but  only  55°  S.  at  the  gap, — that  is,  there  is 
eAddently  overturning. 

Doubtless  this  period  of  folding  also  affected  the  Martinsbnrg.  It 
probably  accentuated  much  of  the  folding  seen  in  the  slate  and  de- 
Aeloped  the  euiwed  slaty  cleavage  planes  and  false  cleaAmge  des- 
cribed in  the  section  on  Structural  Geology.  It  may  well  liaAT  caused 
the  greater  part  of  the  faulting  and  almost  certainly  Avas  related  to 
the  bedding  slip  faults  already  mentioned. 


AIESOZOIC  AND  CEXOZOIC  ERAS 

Post-Paleozoic  penephniation. — Since  the  Permo-Carboniferous  fold- 
ing, the  rocks  of  this  area  experienced  no  deformation  of  AAdrich  the 
record  can  be  read  in  the  preserved  structures.  The  Appalachian 
PeAmlution  produced  mountains  AAdiich  noAV  began  to  suffer  that 
steady  filing  aAvay  by  AA’ater  and  air  to  Avhich  all  earth  protuberances 
are  inevitably  sub.ject.  Ultimately  an  erosion  surface  AAms  developed 
on  AAdiich  the  riA’ers,  almost  at  grade,  meandered  lazily.  This  was 
the  Kittatinny  pene]ilain,  of  Avhich  remnants  are  preserved  at  ele- 
A^ations  of  1,400  to  1,600  feet  today.  It  is  generally  said  to  date 
back  to  Cretaceous  or  even  earlier  times,®®  although  Shaw  would 
make  it  of  Tertiary  age.®®  This  peneplain  is  shoAvn  in  Plate  I,  B. 
Since  Davis’  first  Avork  on  this  peneplain,  seATral  loAver  IcatIs  of  erosion 
have  been  recognized.  Of  the  most  Avell  marked  the  folloAving  may  be 
may  be  mentioned : 

1.  Schooley : At  altitudes  of  1,000  to  1,200  feet;  forms 
benches  on  sides  of  Blue  Mountain. 

2.  Honeybrook : At  altitudes  of  800  to  900  feet ; forms 
lowest  benches  along  Silurian  escarpment,  and  isolated 
hills  in  the  slate  belt. 

3.  Harrisburg:  At  altitudes  of  760  feet  or  slightly  higher; 

*®Davis.  AV.  M..  The  p'eoloaical  dates  of  ori'>in  of  certain  topographic  forms  of 
the  Atlantic  slope  of  the  United  States:  Geol.  Soc.  Am..  Bull.,  vol.  2,  p.  547,  1891. 

“"Shaw,  E.  W.,  Ag'e  of  the  peneplains  of  the  Appalachian  province : Geol.  Soc. 
Am.,  Bull.,  vol.  29,  p.  586.  1918. 
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forms  highest  tops,  especially  in  sandy  member  of  the 
Martinsbnrg  formation. 

4.  Early  Brandywine  (Somerville)  : At  400  to  4')0  feet ; this 
occurs  in  the  limestone  valley. 

These  figures  are  modified  from  those  of  Basconi'^  to  meet  the 
situation  in  this  region.  The  early  Brandywine  peneplain  is  as- 
signed to  the  Pliocene  epoch  and  the  Kittatinny  to  the  Lowei-  Cre- 
taceous by  Basconi,  the  others  being  given  intermediate  ages. 

Although  these  erosion  cycles  are  generally  accepted,  the  writer 
confesses  to  doubt  as  to  their  validity.  It  is  a striking  fact  that  the 
Somerville  penej^lain  is  always  developed  on  limestone,  the  Harris- 
burg always  on  slate.  So  true  is  this,  that  in  the  vSlatington  quad- 
rangle Huckleberry  Ridge,  an  outlier  of  slate  in  the  limestone,  rises 
to  the  theoretical  level  of  the  Harrisburg  peneplain  out  of  a lime- 
stone valley  that  consistently  equals  in  altitude  the  level  of  the  Somer- 
ville. Such  observations  siiggest  that  the  rate  of  erosion  in  rocks 
of  varying  resistance  is  at  least  a factor  contributing  to  the  accord- 
ance of  summit  levels. 

Pleistocene  history. — During  the  Pleistocene  ei>och  the  ice  came 
into  the  region  from  the  north.  This  direction  of  advance  is  recorded 
in  the  presence  at  Tott  Gap  of  striae  trending  S.  50°  E.  One  mile 
southeast  of  Slateford  striae  are  again  seen,  also,  trending  south. 

The  earliest  ice  .sheet  advanced  as  far  as  Bethlehem,  well  south 
of  the  di.strict  here  discu.ssed.  If  this  sheet  be  accepted  as  of  Jer- 
seyan or  of  Kan.san  age,  following  Sali.sbury,  there  was  a subsequent 
retreat  and  a readvance  to  the  morainic  front  indicated  on  the  areal 
map.  A later  retreat  ended  the  Ice  Age.  With  the  purely  glacial 
deposits  are  found  those  characteristic  of  the  .streams  that  issue  from 
the  ice  front. 

Post-Glacial  history. — Since  the  inelting  and  recession  of  the  ice, 
rivers  have  resumed  their  erosional  work.  This  has  resulted  iii  the 
development  of  multiple  cycles  along  even  such  .short  streams  as 
Martins  and  l\Ionocacy  Creeks.  The  latter  meanders  in  a Avide  trough 
with  loAv  banks  Avhere  it  cro.s.ses  the  limestone  valley.  Farther  head- 
ward  it  flows  in  a youthful  valley  between  stee]i  slate  bluffs.  At  its 
head  again,  it  drains  SAvampy  land  of  low  relief,  typical  of  glaciated 
territory. 

COMPOSITION  OF  THE  SLATE 

GEXER  lTi  FE ATI  RES 

For  this  study  27  thin  sections  of  slate  Avere  prepared  and  many 
others  Avere  made  aAmilable  through  the  kindness  of  officials  of  the 

“'P.Rsrom.  Florence.  Cycles  of  erosion  in  the  Piedmont  province  of  Pennsylvania: 
■Tour.  Geol..  vol.  29,  p.  544,  1921. 
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United  States  National  Musenm.  Descriptions  of  selected  sections 
are  given  below,  to  serve  as  illustrations.  AVhere  possible,  compari- 
sons are  drawn  between  tbe  compositions  of  beds  resembling  each 
other.  Chemical  analyses  were  made  by  M.  K.  Buckley  of  Lehigh 
University. 

Sections  were  generally  cut  parallel  or  at  right  angles  to  the 
cleavage.  Of  these  the  former  yielded  by  far  the  most  information  as 
to  mineral  constituents,  while  the  latter  were  instrumental  in  deter- 
mining the  structural  relations  of  the  particles.  In  general  the  sec- 
tions parallel  to  the  cleavage  planes  show  basal  pinacoids  wdien  the 
minerals  have  good  basal  cleavage,  so  that  the  constituents  could  be 
readily  identified. 

In  sections  at  right  angles  to  the  cleavage,  on  the  other  hand, 
fibres  of  muscovite  and  chlorite  and  grains  of  quartz  and  calcite  are 
elongated  parallel  to  the  cleavage.  Slender  strands  of  chlorite  and 
muscovite  run  in  the  cleavage  traces  and  weave  in  and  out  among 
the  more  granular  minerals,  such  as  quartz  and  calcite. 

The  minerals  observed  in  the  slate  include  calcite  (probably  mag- 
nesia bearing*),  muscovite  (sericite),  chlorite,  quartz,  plagioclase, 
biotite,  rutile,  pyrite,  magnetite,  graphite,  and  zircon.  Of  these,  plag- 
ioclase,  biotite,  pyrite,  magnetite  and  zircon  were  rarely  seen.  Kaolin 
is  probably  present  but  could  not  be  positively  identified. 

The  structure  and  mineral  composition  of  slate  has  been  described 
in  detail  by  Dale,®^  and  to  this  summary  little  can  here  be  added. 

Conclusions  in  regard  to  the  primary  composition  or  origin  of  the 
clayey  sediments  from  which  the  slate  was  derived  are  incorporated 
in  the  section  of  this  report  dealing  with  geologic  history.  Generali- 
zations as  to  the  metamorphism  and  sequence  of  minerals  in  the  slate 
are  included  in  the  section  of  metamorphism.  What  follows  is  mainly 
a description  of  the  mineralogy  and  chemical  constitution  of  the 
various  types  of  slate  in  the  district  studied. 

HARD  SLATE 

Slate  from  the  Chapman  quarries  was  microscopically  examined  in 
a section  parallel  to  the  cleavage.  Very  few  large  grains  of  quartz 
are  in  evidence,  and  much  of  the  groundmass  is  amorplious  or  so 
finely  crystalline  that  under  the  crossed  nicols  the  brilliantly  colored 
calcite  and  muscovite  stand  out  sharply  from  the  dense,  colorless 
background.  The  flakes  of  mica  have  an  arrangement  faintly  suggest- 
ing fluidal  texture.  Twn  bands  of  darker  material,  evidently  more 
carbonaceous  beds,  cross  the  field,  and  are  separated  by  a width  of 

’^Hillebrand.  "W.  P.,  Slate  in  the  United  States:  U.  S.  Geol.  Survey,  Bull.  586, 
p.  56,  1914. 

”=Dale.  T.  N.,  Slate  In  the  United  States:  U.  S.  Geol.  Survey,  Bull.  586,  p_p. 
14-23,  1914. 
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lighter  colored  matter;  the  dark  bands  differ  oidy  in  containing  a 
larger  number  of  carbon  masses.  The  light  bands  consist  of : 

Muscovifo. — In  Hakes  0.015  mm.  in  average  length.  These  are  gener- 
all.v  definitely  elon,gated  in  one  direction,  though  the  more  eqnidimensional 
pieces  are  less  well  oriented.  The  crystals  are  partly  very  narrow  and  in 
shreds,  but  are  largely  irregular.  The  shreds  are  distinctly  thinner  at  the 
ends,  as  though  corroded.  Here  and  there  graiihite  masses  are  included  in 
the  muscovite.  E.vtinction  of  many  ad,iacent  flakes  is  frequently  parallel; 
a marked  parallelism  of  the  lon,g  crystal  axes  is  also  noted,  and  although 
the  grain  direction  in  the  thin  section  is  not  known,  it  is  thought  to  he 
determined  by  this  parallelism. 

Quartz. — This  occurs  in  two  forms: 

].  Pearly,  crystalline;  largely  concealed  by  an  unresolved  background 
of  fine  needles;  inclusions  are  common. 

2.  Well  crystallized,  in  many  cases  actually  autoniorphic  tidiomor- 
phic).  This  is  generally  free  from  inclusions. 

Carbon. — .\lways  in  black,  discoidal  masses.  The  disks  vary  in  size 
from  infinitesimal  to  0.015  mm.  in  diameter.  Some  of  the  smaller  dots 
combine,  so  that  the  closely  packed  space  that  bears  them  has  the  shape 
of  a leaf. 

Calcite. — In  rhombs,  or  in  flat,  irregular  flakes.  No  twinning  is  seen. 
If  the  grains  are  large,  they  locally  contain  quartz  inclusions.  Some  masses 
vary  up  to  0.07  mm.  in  length.  The  edges  of  the  calcite  grains  may  be 
irregular  or  with  sharp,  linear  boundaries. 

Chlorite. — With  slight  pleochroism,  green  to  white.  In  more  or  less 
lenticular  masses,  sometimes  with  parallel,  very  good  cleavage  which  is 
generally  at  right  angles  to  the  elongation  of  the  muscovite  crystals.  These 
areas  strongly  resemble  in  form  the  feldspar  masses  described  by  Daleys  in 
Ordovician  schists  from  Dorset,  Vermont:  in  the  slate,  however,  they  are 
chloritized  mica,  not  feldspar.  The  lenses  mentioni  d occupy  areas  suggest- 
ing crystalloblastic  origin,  but  the  ad,iacent  minerals  give  no  evidence  of 
having  been  thrust  aside  by  chloritization.  There  has  apparently  been 
some  movement  later  than  their  formation,  as  the  cleavage  is  frequently 
curved.  In  ])laces  muscovite,  paralleling  the  chloritic  cleavage  perfectly 
in  its  elongation,  is  still  preserved  in  the  chlorite  masses. 

Riitilo. — In  tiny  needles,  generally  about  .009  mm.  long,  and  showing 
a tendency  to  have  their  longer  axes  directed  parallel  with  those  of  the 
muscovite  shreds. 

Plagioclaso. — A few  grains  are  seen,  showing  twinning  according  to 
the  albite  law.  They  are  largely  concealed  by  other  material. 

SOFT  SLATE 

Typical  slate  of  the  hig  heels. — A section  of  tlie  Genuine  big'  lied, 
made  from  a specimen  collected  from  tlie  Albion  quai'ry  at  Pen 
Argyl,  was  examined.  The  section  shows  exceptionally  uniform  size  of 
the  grains,  a feature  which  may  well  account  for  the  perfect  cleavage 
and  excellent  grade  of  the  slate  as  electrical  material.  The  section 
parallel  to  the  cleavage  exhibits  medium-sized  grains  of  calcite,  quartz, 
muscovite,  and  chlorite  in  a I'atlier  dense  gronndmass,  not  resolvable 
into  its  constituents  even  with  strong  lenses.  The  slate  is  darkened  by 
the  presence  of  rutile  needles  and  of  graphite.  Its  comjiosition  is 
approximately  muscovite  20  per  cent,  chlorite  20,  calcite  15,  quartz  10, 

®’Dale,  T.  XT.,  Stiuictural  detail.=5  in  the  Oreen  Mountain  region  and  in  eastern 
New  York:  U.  S.  Geol.  Survey,  Bull.  195,  pp.  lG-17,  190L>. 
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gTonndiuass  and  minor  constitnents  35.  Detailed  examination  yielded 
1 he  following  observations  : 

Itiuscovito. — Occurs  in  three  forms:  in  rounded,  irregular  masses 
0.015  mm.  or  less  in  diameter;  in  fibres  up  to  0.03  mm.  long  and  very 
slender:  in  shreds  or  borders  associated  with  masses  of  chlorite.  The 
crystals  show  no  definite  parallelism. 

Chlorite. — In  grains,  round  or  elliptical  in  form.  Some  of  the  grains 
are  very  large,  cne  measuring  0.12  by  0.0  3 mm.  The  cleavage  in  the 
chlorite  is  well  develoimd  and  muscovite  is  not  uncommonly  associated,  as 
though  the  chlorite  were  derived  from  the  mica.  The  chlorite  cleavage 
trends  in  any  direction:  in  places  it  is  crossed  by  masses  of  magnetite. 

Calcitc. — Occurs  in  small  rhombs  or  masses  0.015  mm.  in  diameter. 

Chiartz. — Generally  in  clear,  equidimensional  grains,  varying  in  size 
up  to  0.025  mm.  in  diameter.  The  inclusions  are  largely  rutile. 

Graphite. — In  rounded  masses  0.015  mm.  or  less  in  diameter. 

Magnetite. — In  angular  grains,  generally  in  the  chlorite. 

Rutile. — In  small  needles,  largely  as  inclusions. 

A section  repi'esenting  a thick  bed  at  the  Neiv  Diamond  quarry,  cut 
parallel  to  the  cleavage,  was  examined.  The  slate  differs  but  little  from 
that  of  the  Genuine  big  bed  as  described  above.  The  distinction  lies 
chiefly  in  the  greater  size  of  the  quartz,  calcite,  and  chlorite  grains  in 
the  latter,  and  in  the  less  uniform  distribution  of  these  larger  crystals 
in  the  groundmass.  The  muscovite  grains  are  distinctly  larger. 
Quartz  frequently  shows  irregular  and  embayed  boundaries  against 
the  calcite,  as  though  one  mineral  were  in  progress  of  being  replaced 
b.y  the  other ; it  is  not  clear,  however,  which  is  the  original  mineral. 

In  sections  of  the  same  bed,  cut  at  right  angles  to  the  cleavage,  the 
same  type  of  quartz — calcite  relations  are  seen.  The  sections  parallel 
to  the  grain  plane  show  exceptionally  long  lenses  of  quartz.  Sections 
at  right  angles  to  both  grain  and  cleavage  planes,  exhibit  crystalline 
juasses  of  quartz  and  calcite ; the  chlorite  areas  are  less  highly  attenu- 
ated than  in  sections  parallel  with  the  grain.  It  is  also  noted  that 
thei’e  are  many  small,  round  inclusions  in  the  larger  minerals;  these 
are  largely  rutile  needles,  viewed  parallel  to  their  long  axes. 

Bangor  and  Pen  Argyl  beds  compared. — It  is  said  by  the  quarrymen 
that  the  Bangor  beds  are  “tougher”  and  “stronger”  than  those  of 
Pen  Argyl.  In  the  hope  that  the  explanation  could  be  found  for  this 
difference,  beds  in  Avliich  the  textures  are  comparable  in  fineness  were 
selected  from  the  Bangor  and  Pen  Argyl  groups  and  thin  sections 
of  these  compared  under  the  microscope.  In  general,  the  impression 
c onveyed  is  that  the  Pen  Argyl  beds  are  somewhat  coarser  in  texture 
and  that  they  contain  a very  slightly  greater  quantity  of  chlorite,  but 
liiicroscopic  measurements  are  not  sufficiently  accurate  to  sustain  the 
latter  statement  and  both  conclusions  may  well  have  been  induced  by 
the  beds  selected.  Contrary  to  what  Avas  expected,  there  is  no  evidence 
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of  a lai'g'cr  quantity  of  (|uartz  in  the  Bangor  beds,  either  in  the  analysis 
or  in  thin  sections.  In  all  respects  the  statement  can  be  made  that 
mineralogically  and  chemically  the  composition  of  the  Bangor  beds 
does  not  differ  a])preciably  from  that  of  the  Pen  ^Vrgyl  beds. 

Harder  and  softer  heels  compared. — At  the  Consolidated  Xo.  1 — 
Star  quarry,  two  specimens  were  selected  by  tlie  qnarrymen  to  compare 
a very  soft  with  a very  hard  bed  in  the  slate.  IMicroscopie  study  of 
sections  parallel  to  the  cleavage  .showed  that  the  soft  .slate  differed 
from  the  harder  in  the  following : 

1.  The  ehloritic  and  museovitic  bands  along  which  the  slate 
cleaves  are  more  closely  spaced  in  the  softer  .slate. 

2.  Tlie  individual  grains  are  .smaller  in  the  soft  slate  than  in 
the  harder  slate. 

3.  The  total  volume  of  quartz  in  proportion  to  the  other 
constituents  is  less  and  that  of  chlorite  and  caleite  more  in 
the  softer  slate. 

A similar  question  was  faced  by  Dale,”^  who  concluded,  from  studies 
in  the  slate  belt  of  Vermont,  that  the  relative  “softness”  of  some 
slates  was  to  be  attributed  to  their  greater  percentage  of  carbonate 
and  to  the  smaller  size  of  the  individual  quartz  grains,  rather  than 
to  the  lower  percentage  of  silica. 

A chemical  analysis  of  each  of  these  two  specimens  was  made. 

Chemical  analyses  of  slate  from  Consolidated  Xo.  1-Star  Quarry. 

[M.  K.  Buckley,  analyst.] 
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■'^Dale,  T.  N..  The  slate  belt  of  eastern  New  York  and  \ve.stern  Vermont:  U.  S'. 
Geol.  Survey,  19th  Ann.  Report,  part  III.  p.  245,  1899. 

*Analysis  of  typical  slate  from  Uehigh  Co.,  Pa.,  for  comparison  ; see  Dale, 
T.  X.,  Slate  in  the  I'nited  States:  U.  S.  Geoi.  Survey,  Bull,  58R,  p.  51,  1914. 
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Between  the  two  analyses  the  consiiicuous  difference  is  the  h.igher 
silica  content  of  the  harder  slate. 

“Ribbons.” — A dark  “ribhon”  from  tlie  Albion  quarry  was  exam- 
ined under  the  microscope  in  a section  parallel  to  the  cleavage.  The 
textnre  is  coarsely  granular,  the  larger  grains  consisting  of  quartz, 
calcite,  and  muscovite.  The  composition  is  roughly ; graphite  35 
per  cent,  calcite  25,  muscovite  20,  quartz  10,  and  groundmass 
1.0  per  cent.  Graphite  is  very  common  and  largely  obscures 
the  field.  Chlorite  is  not  conspicuous.  The  darker  slate  in  this 
section  is  crossed  l)y  a band  0.12  mm.  wide,  consisting  of  very 
small  particles  rarely  exceeding  0.005  mm.  in  diameter  and  closely 
packed,  apparently  mainly  muscovite  and  calcite,  Avith  occasional 
quartz  grains.  The  larger  part,  by  far,  of  the  slate  is  very  dark  and 
shoves  the  folloAA’ing  constituents  : 


Ciilcite. — In  well-formed  rhombs  or  irregular  flakes,  which  vary  in  size 
up  to  0.09  by  0.02.5  mm.  No  twinning  is  to  be  seen.  The  perfect  rhombic 
shape  of  some  of  the  masses  is  typical.  Rutile  inclusions  in  the  calcite 
are  common. 

IMuscovitc. — In  irregular  flakes,  generally  somewhat  oblong,  with  the 
longer  axes  roughly  parallel,  but  not  as  distinctly  so  as  in  the  hard  slate; 
more  rarely  it  occurs  in  long  fibers.  Dimens'ons  vary  up  to  0.045  by  0.030 
mm.  Much  is  in  very  small  particles.  Simultaneous  (‘‘aggregate’’)  ex- 
tinction is  poorly  defined. 

Quartz. — In  all  sizes,  mostly  in  flakes  about  0.015  mm.  in  diameter; 
generally  clear  and  free  from  inclusions  except  rutile  needles.  Some  grains 
are  as  much  as  0.05  mm.  long,  but  in  this  case  the  shape  is  frequently 
slender. 

Graphite. — In  rounded  masses  up  to  0.01  mm.  in  diameter.  Graphite 
also  occurs  as  angular,  irregular  inclusions  in  chlorite. 

Chloi'ite. — In  rounded  or  elliptical  grains,  frequently  showing  well 
developed  cleavage.  The  sizes  of  the  grains  are  similar  to  those  of  the 
quartz.  Graphite  and  magnetite  inclusions  are  present. 

Biotite. — Rare. 

Byrite. — In  stringers  and  irregular  masses  as  inclusions,  mainly  in 
the  chlorite. 


IMag'iietite. — In  tiny  grains,  included  in  the  chlorite. 

Rutile. — Numerous  very  small  needles,  largely  inclusions,  and  gen- 
erally with  their  longer  axes  parallel. 


The  description  may  be  regarded  as  typical  of  all  the  “ribbons” 
of  the  soft  slate  examined.  In  sections  inclined  to  the  bedding,  the 
lines  separating  alternating  darker  and  lighter  liands  are  very  tvell 
marked.  The  bedding  frequently  is  jagged  and  irregular,  and  small 
lenses  of  carbonaceous  matter  lie  between  less  graphitic  laminae. 

A chemical  analysis  of  the  ribboned  slate  described  above  follotvs. 
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Analysis  of  “ rihhon”  from  Albion  quarry.  Fen  Argyl. 


[M.  K.  Tiiifkley,  analyst.] 
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In  interpreting  this  analysis,  the  low  cpiartz,  the  rather  low  chlorite, 
and  tlie  high  caleite  contents  as  shoAvn  in  the  section,  should  be  borne 
in  mind.  The  apparently  large  number  of  rutile  needles  is  corrobo- 
rated by  the  hig'h  value  of  titanium  oxide  obtained.  The  amount  of 
carbon  present  cannot  be  determined  with  certainty  from  the  analy.sis 
as  given.  There  appears  to  be  an  abnormally  large  amount  of  snli'hnr; 
pyrite  in  quantities  is  a common  feature  in  the  darker  slate,  accord- 
ing to  Dale,®®  but  this  mineral  appears  to  be  rare  in  the  thin  sec- 
tions examined. 

The  Gray  beds. — There  are  two  Gray  beds  in  the  soft  belt,  one  in 
the  Pen  Argyl  beds  and  one  in  the  Bangor  group. 

A thin  section  of  a specimen  obtained  from  the  Albion  quarry  and 
cut  ])arallel  to  the  cleavage  was  examined.  The  slate  is  exceptionally 
free  of  dark  material,  containing  graphitic  spherules  in  .small  quan- 
tity only.  The  texture  is  even  and  fine.  The  mabi  constituents  are 
ju'esent  in  a]>i)roximately  the  following  ])er  cents:  groundmass  of 

chlorite  and  muscovite,  60;  caleite  (magnesia  bearing),  15;  quartz,  10; 
muscovite  in  flakes,  distinct  from  the  fibrous  groundmass,  5;  chlorite 
in  large  pieces,  distinct  from  the  groundmass,  5;  minor  constituents, 
5.  Examined  in  detail,  the  section  shows: 

F.alcite:  In  poorly  fo:  mcil  rlionihs.  measuring'  up  to  O.OO  mm.  in  wiilth.  These 

I’hombs  show  little  corrosion.  There  are  also  irregular  masses,  all  small.  A 
crystal  of  highly  altered  phigioclase  was  seen,  partly  replaced  hy  caleite,  but 
still  showing'  twinning. 

Ql'.MiTz  : This  is  in  small  grains  which  do  not  stand  out  clearly  from  tlie 

groundmass.  In  size  they  vary  up  to  (1.0.1  mm.  Tlie  crystals  show  no  strain 
effects.  Kutile  imdusions  are  common. 

IMr.SCOviTE  : In  three  forms: 

1.  In  masses,  consisting  of  lihi’es  placed  side  hy  side;  the  separate  shreds  or 
fibres  show  simultaneous  e.xtinction  ; such  masse-s  vary  up  to  0.045  mm.  in 
diameter. 

2.  In  thin  fibres,  sejiarate  and  with  simultaneous  extinction  for  the  most  part. 
Such  shreds  are  vei  y slender  and  in  length  extend  to  0.03  mm.  They  are  inter- 
mingled with  the  similarly  arranged,  but  far  more  numerous  chlorite  fibres. 

3.  Shreds,  less  slender  than  those  last  descrihi'd  but  having  about  the  same 
length.  They  are  not  elongated  with  the  grain  direction,  hut  lie  irregularly  across 
the  latter. 

Chlokite  : In  two  forms  : 

1.  In  masses,  more  or  less  rectangular,  up  to  0.2  mm.  in  magnitude.  The 

Op.  cit.,  p.  52. 
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cl'iloi-ite  is  fibrous,  the  fibi-es  geiierall.v  elongated  at  right  angles  to  the  length  of 
the  cr.ystals  in  the  grmindniass  of  tiie  slate,  and  Inuiee  normal  to  the  gr.aiu  diree- 
tion.  The  chlorite  is  pleochroic,  showing  faint  pine  green  to  very  light  straw- 
color,  Some  of  the  lihres  in  these  masses  are  mica  and  have  high  interference 
colors : not  nncommonl.v  they  are  faintl.v  brownish  and  show  good  pleochroism, 
suggesting  that  the}’  are  the  remaining  strands  of  otherwise  highly  chloritized 
hiotite, 

2.  In  isolated  fibres,  scattered  throngliont  tlie  gronndmass,  parallel  to  the 
similarly  arranged  muscovite  crystals. 

Graphite  : IMostl.v  in  round  spots  np  to  0,01  mm,  in  diameter,  here  isolated, 
there  matted  together  into  lenticular  masses : in  the  latter  ease,  the  individual 
grains  are  generally  very  small.  Irregular  masses,  angular  vneees,  and  tiny 
stringers  of  graphite  are  also  seen, 

IlrTiLE : In  the  usual  small  needles, 

A specimen  of  tlie  same  Gray  bed  was  collected  in  the  Tinsman 
quarry.  A section  at  right  angles  to  the  cleavage  was  examined  Avith 
the  microscope.  In  this  section  quartz  is  much  more  in  eA’idenee.  It 
is  lenticular  and  bears  small  bubble-like  inclusions.  Where  it  abuts 
against  chlorite  or  muscovite  strands  the  latter  pro.ject  into  embay- 
ments  in  the  quartz;  moreoA'er,  the  ((uartz  sIioaa’s  no  strain  figures. 
It  is  e\ddent,  therefore,  that  much  of  it  at  least  does  not  antedate  in 
origin  the  deformation  that  serieitized  the  slate.  In  ]ilaces,  irregular 
masses  of  calcite  lie  partly  enclosed  by  the  quartz,  but  it  is  not  clear 
AvLich  is  the  earlier  mineral.  Some  quartz,  clearly  antedating  the 
St  ricitization  of  the  slate,  has  been  broken,  probably  by  the  deforma- 
tion accompanying  the  deA’elopment  of  cleaAmge,  and  noAv  forms  granu- 
lar stringers  in  the  rock. 

It  is  clear,  in  this  section  at  least,  that  the  large,  rectangular  masses 
of  chlorite  are  actually  altered  biotite.  Their  pleochroism,  the  rare 
jireservation  of  fibres  of  biotite,  and  the  presence  of  small  masses  of 
iron  oxide,  not  seen  in  the  section  parallel  to  the  cleavage,  leaA’e 
no  doubt  as  to  the  correctness  of  this  interpretation.  The  longest 
dimensions  of  the  fibres  in  these  areas  of  chloritized  biotite  generally 
lie  inclined  to  the  cleavage.  An  average  of  fifteen  observations  ga\T 
28°  as  the  angle  betAveen  the  elongation  of  these  fibres  and  the  cleaA^- 
age  trace  in  the  vertical  (or  grain)  plane. 

A thin  section  of  the  Gray  bed  of  the  Bangor  group  shows  marked 
differences  from  that  just  described.  Quartz  is  in  evidence  and, 
though  clear,  without  strain  shadoAvs,  and  uncorroded,  shoAvs  much 
fracturing'.  Calcite  is  far  more  common  than  in  the  Gray  bed  of  the 
Pen  Argyl  group.  Chlorite  appears  in  large  pieces  in  tAVO  forms, 
(1)  the  fibrous  type  preAuously  noted  and  (2)  large  flakes,  rather 
clear  but  with  inclusions  of  rutile  needles  in  triangular  groups ; the 
latter  phase  of  chlorite  is  greenish  in  color,  and  apparently  represents 
sections  cut  in  the  basal  plane.  Slightly  more  carbon  is  seen  in  the 
Bangor  Gray  bed  than  in  that  of  the  Pen  Argyl  group. 
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Chemical  analyses  of  Gray  beds. 
[M.  K.  I'.uekley,  analyst.] 


SiO,  

Pen  Arr/nl 

64.52 

P,(inoor 

59 . 67 

Fe,03  

4.31 

4.24 

AIXP  

16.84 

21.97 

CaO  

2.21 

1.18 

Mo-0  

-A  94 

3.-t6 

ICO  

3 42 

2.83 

Xa,0  

1.76 

0.91 

Loss  on  ignition  

4.37 

9.73 

s 

0 35 

0.23 

TiO,  

0.49 

0.40 

101  21  101  62 


Xotewortliy  in  these  analyses  are  the  hijrli  silica  and  the  low  iron, 
calcium,  sulphur,  and  titanium  contents.  A part  of  the  silica  is  un- 
questionably accounted  for  by  the  relatively  lar«e  amount  of  chlorite 
and  the  small  quantity  of  carbonates  present. 

Siliceous  l>eds  or  “hard  rolls”. — A section  from  a “hard  roll”  in 
a Pen  Arg-yl  quarry  is  described  below  as  typical  of  the  ])etrography 
of  such  beds.  The  section  is  cut  parallel  to  the  cleavage.  The  tex- 
ture is  very  coarsely  granular  in  comparison  with  true  slate,  and 
shows  what  might  he  described  as  an  arkosic  quartzite  rich  in  cal- 
cite.  chlorite,  and  sericite.  Kutile  is  conspicuously  absent.  Most  of 
the  definitely  recognizable  grains  are  0.05  mm.  or  more  in  diameter. 
The  a])])roximate  ]n-o])ortions  of  the  con.stituents,  as  measured  by  a 
modified  Rosiwal  method,  is  (luartz  30  per  cent,  calcite  25,  grai)hite 
15,  chlorite  10,  muscovite  10,  feldspar  5,  other  constituents  5.  From 
this  list  the  dominance  of  granular  minerals,  as  ojiposed  to  those  ims- 
sessing  a definite  axial  elongation  in  one  or  more  directions,  is  at 
once  apparent.  A detailed  descri])tion  of  the  minerals  in  the  section 
follows : 

Qi'art/,  : Of  two  types  : 

1.  Showiii;;  .strain  shadows:  iii'Iiisioiis  are  jneseiit  in  many  ease.s.  Caleite 
is  cominonly  developed  alons  the  fractures.  Quartz  yrains  of"  this  type  liave 
rounded,  but  clear  outlines. 

2.  In  masses  that  are  clear,  but  show  fracturing.  Strain  shadows  are  rare. 
This  (piartz  frequently  friii^es  out  at  its  edges,  taking  in  intergrowths,  which, 
insofar  as  they  can  he  resolved,  consist  of  filaments  of  chlorite  and  (juartz  with 
rare  muscovite  (sericite). 

The  grains  of  quartz  vary  up  to  O.OS  mm.  in  diameter. 

(’.VI.CITE_:  Frequently  in  irregular  masses  cutting  across  chlorite  fibres;  or  in 

l>oorly  defined  rhombs:  or  forming  projecting  embayments  into  corroded  (piartz 
or  feldspar.  It  appears  to  be  later  than  much  of  the  (piartz.  One  rliombohedron 
was  seen  in  the  center  of  a mass  of  chlorite,  showing  it  to  be  even  later  than 
that  mineral. 
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(Jraphite:  In  thin  amoi-phous  blotches,  apparently  mixed  with  limonite,  or 

pure  and  in  smaller,  spherical  dots.  With  the  low-power  ob.iectives,  all  of  the 
graphite  blotches  appear  to  he  drawn  out  in  one  definite  direction,  probably  that 
of  the  grain.  Rarely  lenses  of  a mixture  of  quartz  and  graphite  occur. 

Muscovite  : This  forms  more  or  less  fibrous  masses  or  flakes,  scattered  through 

the  rock.  Occasionall.v  it  makes  up  lenses  like  those  mentioned  below  under 
chlorite,  but  not  yet  altered  to  the  latter  mineral.  It  also  forms  fibrous  inter- 
growths  with  quartz  and  chlorite,  especially  along  the  borders  of  large  quartz 
crystals  ; in  these  intergrowths,  all  minerals  have  their  longer  dimensions  parallel. 

Chlorite  : In  many  cases  taking  a part  in  the  intergrowths,  just  as  do  quartz 

and  muscovite.  Elsewhere  the  chlorite  forms  a network  of  acicular  masses, 
inconspicuous  because  of  low  birefringence,  the  greater  elongation  of  which  cor- 
responds with  the  grain  direction.  Finally,  the  chlorite  occurs  in  lenses,  with 
cleavage  well  developed  and  more  or  less  at  right  angles  to  the  grain  direction. 
Wherever  its  origin  is  clear,  the  mineral  appeals  to  be  secondary  after  mica. 

FELD.SPAR : Some  oligoclase  grains  were  seen,  very  little  altered  or  decayed. 
They  vary  up  to  0.12  by  0.66  mm.  in  size.  The  crystals  are  remarkably  uncor- 
roded. 

Riotite  ; One  piece  showing  tawny  color  and  high  pleochroism.  Highly 
ehloritized. 

I'yrite  : As  spherules,  commonly  in  centers  of  chloritic  lenses.  Rare. 

Zircon  : Well  rounded,  but  still  giving  some  indication  of  its  original  form. 

Sections  cut  (1)  at  rigjit  angles  to  cleavage  and  parallel  to  the 
grain  and  (2)  normal  to  both  cleavage  and  grain  were  also  examined. 
In  these  the  strain  shadows  in  the  cpiartz  are  again  well  shown,  and 
the  importance  of  the  chlorite  as  a major  constituent  is  emphasized. 
The  jiarallelism  of  the  chlorite,  so  perfect  in  the  section  in  the  plane 
of  the  grain,  is  not  nearly  as  well  marked  in  the  section  at  right 
angles  to  grain  and  cleavage.  There  is  also  a distinct  tendency  for 
quartz  crystals  to  be  elongated  in  the  grain  plane ; in  the  section 
normal  to  grain  and  cleavage  this  tendency  is  less  marked. 

Electrical  slate. — -A  section  of  electrical  slate  from  the  Albion  “run” 
at  Pen  Argyl  was  studied  under  the  microscope.  The  conspicuous 
features  in  electrical  slate  are  the  fineness  of  the  texture  and  the 
uidformity  in  the  sizes  of  the  individual  grains.  In  sections  examined, 
no  single  crystal  or  fragment  showed  a diameter  of  over  0.1  mm. 
The  average  size  is  about  0.015  mm.  and  quartz,  which  forms  the 
largest  areas,  becomes  Amry  conspicuous,  in  the  surrounding  fine 
groundmass,  even  if  it  only  measures  as  much  as  0.03  mm.  in  di- 
ameter. Indeed,  the  quartz  rarely  exceeds  0.06  mm.  in  any  dimension. 
Single  graphite  spherules  attain  a diameter  of  0.09mm  ; aggregates  of 
carbon  may  become  tAvice  as  large  at  most,  but  this  extreme  in  size 
is  rare. 

The  texture  of  the  typical  electrical  slate  may  Avell  be  compared 
Avith  that  of  other  Avorkable  slates  of  the  soft  belt.  The  electrical 
slate  is  distinctly  finer  and  more  uniform  in  size  of  grains  than  one 
of  the  large  beds  of  the  Diamond  “run”  and  than  either  the  Gray 
bed  of  the  Bangor  group  or  that  at  Pen  Argyl.  Of  the  slides  ex- 
amined, the  Genuine  big  bed  of  the  Albion  “run”  alone  seemed  to 
jmssess  equal  qualities  of  fineness  and  uniformity  of  texture. 
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The  fine-grained  gronmlniass  in  the  eleetrieal  material  is  resolved 
into  its  components  with  difficulty,  even  with  a strong  lens  combina- 
tion. Conspicuous  minerals  are  calcite,  chlorite,  cpiartz,  muscovite, 
and  graphite;  estimates  indicate  that  the  relative  quantity  is  in  the 
order  named.  No  iron  com])ounds  other  than  clouds  of  limonite  were 
seen  in  the  rock. 

It  appears,  therefore,  that  the  three  essential  qualities  of  an  elec- 
trical slate,  as  to  mineral  content,  are ; 

1.  Uniformity  in  size  of  crystal  particles. 

2.  Fine  texture. 

3.  Absence  of  deleterious  minerals ; these  are  magnetite, 
hematite,  pyrite,  and  graphite. 

The  chemical  composition  of  electrical  slate  is  distinct  from  that 
of  other  slates  in  only  one  particular,  and  that  is  the  low  iron  con- 
tent. In  the  reduced  quantity  of  iron  oxide  present  ideal  electrical 
slate  is  rivalled  only  by  tlie  green,  chloritic  slate  of  the  Bangor 
and  Pen  Argyl  Cray  beds.  Two  analyses  follow. 

^lualjjses  of  electrical  slate  from  Pen  Argjjl  beds. 


1 2 

SiO,  oT.bn  55.32 

AFO3  20.84  20.01 

FcoOg  and  FeO  3.51  5.13 

CaO  3.92  2.21 

MgO  3.02  3.63 

lUO  3.36  3.67 

NaoO  1.25  1.84 

CO2  3.30  Not  recorded 

Loss  on  ignition  .15  6.85 

Pyrite  1.39  Not  recorded 

*S  Not  recorded  0.76 

C . 0.57  Not  recorded 

TiOj  Not  recorded  0.99 


1.  Elpctrifiil  from  Sti-uotu:  al  Slate  To.,  Pen  Argyl:  X*.  V.  Anrte-son. 

Lehigli  University,  analy.st. 

2.  Electrical  slate  from  Stephen  .Tackson  Co.,  Albion  quarry.  Pen  Argyl.  i\[. 
K.  P>uckley.  analyst. 

In  both  cases  the  iron  oxide  content  is  less  than  5.25  per  cent. 
It  would  be  higher  than  3. .51  per  cent  in  anaL’sis  1,  if  the  iron  present 
in  the  pyrite  were  assigned  to  its  position  as  oxide.  Tlie  low  carbon 
content  of  good  electrical  .slate  is  well  .shown  in  analysis  1 ; carbon 
is  included  under  “Lo.ss  by  ignition”  in  analy.sis  2. 

TUaclxboarcl  slate. — A section  at  right  angles  to  the  cleavage  shows 
little  that  is  distinctive  except  the  rather  high  content  of  cloudy  car- 
bon masses.  There  is  suggestion  also  of  somewhat  more  than  the  usual 
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fuiioimt  of  caleite.  The  quartz  is  generally  granulated  or  shows  strain 
shadows.  Sericite  and  chlorite  are  well  oriented. 

Individual  pyrite  spherules  avei’aging  about  0.003  mm.  in  diameter, 
but  reaching  as  much  as  0.03  mm.,  are  common.  Aggregates  of  carbon, 
generally  composed  mainly  of  small  granules  or  clouds,  attain  areas 
as  much  as  0.15  mm.  square ; these  are  generally  lenticular,  the  longer 
dimensions  being  parallel  with  the  cleavage. 

Siliceous  knots. — These  spots  or  blotches,  generally  rounded  or  len- 
ticular, but  frequently  irregularly  bounded,  show  in  the  rough  hand 
specimen  as  areas  where  the  surface  is  irregular  and  the  cleavage 
poor.  With  low  magnifications  of  the  microscope  they  prove  to  be 
composed  of  many  closely-packed  quartz  grains  of  about  the  same 
size  as  in  other  slate ; tliese  areas  are  fairlj"  free  from  carbon,  except 
in  thin  stringers.  They  are  bordered,  however,  bj"  typical  slate,  with 
carbon  conspicuou.sly  present.  The  boundary  between  the  quartz- 
rich,  carbon-free  “knot”  and  the  typical  slate  is  generally  .sharp. 

The.se  siliceous  knots  may  be  explained  in  one  of  three  ways : 

1.  The  knot  may  be  an  area  Avhere  the  quartz  grains 
were  fortuitously  aggregated  by  irregularities  in  sedi- 
mentation. 

2.  Each  knot  may  represent  an  individual  quartz  pebble 
or  grain  laid  down  during  sedimentation,  subsequently 
badly  granulated  and  sheared  into  many  fragments. 

3.  The  knot  may  be  attributed  to  secondary  silicification, 
its  location  being  due  to  some  especially  favorable  chemi- 
cal factor. 

The  first  of  these  explanations  seems  most  acceptable  because : 

1.  The  excesshT  granulation  called  for  by  hypothesis  2 
would  yet  leave  a trace  of  a markedly  larger  piece  of  the 
original  pebble  and  would  scarcely  comminute  the  an- 
cestral pebble  or  grain  into  particles  of  so  iiniform  a 
size. 

2.  Hypothesis  3 calls  for  recent  silicification  with  probably 
little  or  no  subsequent  change  in  the  quartz.  Yet  many 
of  the  grains  are  severely  corroded  and  partially  re- 
])laced  by  calcite,  Avhile  others  show  the  irregular  optical 
extinction  of  strained  quartz  and  thus  indicate  that  they 
have  been  deformed,  probably  in  the  time  interval  dur- 
ing which  the  .slate  Avas  also  undergoing  sericitization. 

Hypothesis  1 thus  remains  the  only  acceptable  one  and,  taken  in 
conjunction  with  other  minor  irregularities  in  deposition,  is  in  com- 
plete agreement  Avith  the  facts  observed. 
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ECONOMIC  GEOLOGY  OF  THE  SLATE 

GEXEKAE  SOniARV 

D E I.  E T E K I O E’  S F E A T F T { E S . 

Various  geologic  features  are  deleterious  to  slate  quarrying  in  parts 
of  the  region  studied.  These  may  be  l)riefly  summarized. 

A heavy  overburden,  either  of  unconsolidated  glacial  till  or  river 
deposits  or  of  partially  disintegrated  slate,  makes  strii)ping  operations 
prohibitively  expensive.  The  overburden  is  discussed  below  under 
“Effect  of  PhysiogTaphic  Features.” 

Any  irregularities  in  the  character  or  sequence  of  the  beds  are  gen- 
erally unfavorable  to  quarry  opei’ations.  Thus  ribbons  and  hard 
rolls  (page  103)  are  frequently  objectionable,  though  not  always  seri- 
ously so.  Siliceous  knots  and  graphitic  flakes  ( page  103)  are 
deleterious. 

Certain  irregularities  in  the  attitude  of  bedding  or  of  cleavage  are 
undesirable.  In  general,  gently  dipping  beds  are  less  suited  to  quarry- 
ing than  vertical  ones.  Curved  cleavage  (])age  109)  and  false  cleavage 
(page  110)  are  serious  disadvantages. 

Faulting  of  all  sorts  (page  113)  is  harmful.  Closely  spaced  joints, 
especially  Avlien  intersecting  the  grain  at  other  than  right  angles,  are 
troublesome  in  quarrying  (see  page  113). 

Finally,  excessi^’e  quarry  Avater  necessitates  costly  pumping  and 
introduces  other  dangers  (see  page  11a j,  though  a moderate  amount 
preA’ents  the  slate  from  becoming  brittle. 

THE  IDEAL  iSLATE  QFARUY. 

The  conditions  most  favorable  to  successful  slate  quarrying,  on  the 
other  hand,  are  pictured  beloAv.  An  ideal  quarry  should  have  but 
little  oA’erburden  of  glacial  material,  rAer  deposits,  or  disintegrated 
slate.  It  should  be  supplied  Avith  a moderate  amount  of  water.  If 
the  opening  is  in  the  soft  belt,  there  should  he  fcAv  or  no  siliceous 
ribbons  and  no  knots  or  carbonaceous  flakes.  The  strata  should  be 
nearly  A'ertical  and  Avith  a constant  dip.  Faults  should  be  lacking. 
Ideally  the  beds  should  strike  at  right  angles  to  the  grain  and  parallel 
Avith  the  cleaA'age.  Jointing  should  be  regular  and  of  one  system,  the 
strike  being  parallel  Avith  that  of  the  beds  and  the  di]>  forming  a 
A'ertical  angle  of  90°  Avith  the  bedding  (li]u 

EFFECT  OF  PHYSIOGRAPHIC  FEATURES 

DELETERIOUS  EFFECTS 

The  presence  of  a thick  glacial  cover  makes  the  cost  of  quarrying 
prohibitive  in  ninch  of  the  district.  As  has  been  indicated  in  the 
section  on  the  Quaternary  System,  there  is  a heaAW  glacial  overbur- 
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flen  in  parts  of  the  region  mapped.  This  overburden  is  thin  in 
the  belt  underlain  by  the  middle,  sandy  member  of  the  Martinsburg 
formation  and  generally  ecpially  so  in  the  hard  belt.  It  A\dll  be  re- 
called that  the  hillj^  region  marking  the  outcrop  of  the  middle  mem- 
ber extends  ivestward  from  Slateford  on  DelaAvare  River  through 
Johnsomdlle,  Bangor,  Delabole,  Grand  Central,  Kneehts,  Schall  School, 
Point  Phillip,  and  St.  Joseph  School.  These  localities  mark  the  nor- 
thern edge  of  the  broad  belt  of  country  underlain  by  the  middle, 
sandy  member.  NortliAvard  from  the  line  thus  defined,  therefore, 
the  region  is  largely  covered  ivitli  glacial  deposits. 

As  already  stated,  a marked  belt  of  terminal  moraine  can  be  recog- 
nized, beginning  half  a mile  northwest  of  Delabole  and  extending 
thence  southward  through  Ackermanville,  Factory ville,  Nazareth  Junc- 
tion, Mount  Pleasant,  and  the  mouth  of  Oughoughton  Creek.  The 
southwestern  boundary  of  this  moraine  is  indicated  on  the  map,  and 
the  width  of  the  deposits  is  about  one  mile.  The  heaiy  cover  of  glacial 
and  outv’ash  material  here  again  precludes  easy  exploration  for 
slate. 

Finally  the  entire  soft  slate  belt  from  Bangor  eastward  is  heavily 
coATred  AAdth  deposits  of  mixed  terminal  and  ground  moraine,  so 
that  quarries  are  not  readily  opened  here. 

These  glacial  and  glacio-fluviatile  deposits  are  A^ariable  in  depth, 
but  are  always  a hindrance.  At  Slatefield  they  liaAn  a thickness  of 
5 feet.  At  Delps  and  along  the  railroad  eastAvard  their  thickness  is 
at  least  8 feet.  In  the  walls  of  the  Albion  Bangor  quarry  50  feet  of 
drift  are  exposed ; and  in  the  Tinsman  quarry,  15  or  more  feet.  At 
Wind  Gap  the  drift  thins  again,  as  shoAAm  in  the  Phoenix  quarry,  but 
at  Alpha  it  attains  a thickness  of  at  least  15  feet,  in  the  Albion  Su- 
perior quarry.  There  is  another  thinning  at  West  Pen  Argyl,  but 
the  Jackson  Bangor  quarries,  especially  the  southern  ones,  the  Dela- 
bole ciuarry,  and  all  of  the  quarries  at  Bangor  bear  much  overburden. 

As  the  southern  flank  of  Blue  Mountain  is  approached,  the  talus 
from  its  quartzite  cliffs  is  added  to  the  OA-erburden  of  glacial  and 
glacio-fluviatile  material.  In  fact,  this  heavy  cover  of  huge  blocks 
is  an  insurmountable  obstacle  and  prohibits  the  opening  of  quarries 
Avithin  tAvo  thousand  feet  of  the  probable  contact  betAA'een  the  ShaAAnn- 
gunk  conglomerate  and  the  Martinsburg  formation,  even  though  the 
concealed  uppermost  strata  of  the  Martinsburg  are  A'ery  probably,  in 
part,  good  slate. 

Where  these  different  types  of  overburden,  either  singly  or  col- 
lectively, attain  an  appreciable  thickness,  they  either  totally  forbid 
or  at  least  seriously  hamper  the  development  of  slate  quarries.  In 
general,  this  deleterious  effect  is  felt  AAdien  the  OA^erburden  exceeds 
ten  feet.  In  all  cases  AAdiere  much  OA^erburden  is  present,  cribbing  must 
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be  resortec.1  to  and  the  surface  must  be  stripped  l)aok  some  distance 
from  the  edge  of  the  opening  to  prevent  boulders  from  falling  dnvn 
the  vails  into  the  hole.  When  the  opening  is  videned,  steam  shov(‘ls 
are  generally  used  to  lay  bare  more  of  the  surface  slate,  and  space 
must  be  ju-ovided  to  accommodate  the  sand,  clay,  and  boulders  thus 
removed. 

1 : E X E F 1 ( ' 1 A T>  E F F E C T S 

The  overburden  has  one  benelicient  effect.  Glaciation  itself  must 
have  stripped  off  most  of  the  waste  slate  foianed  by  weathering  between 
the  time  of  first  uplift  above  the  Paleozoic  sea  and  the  advance  of 
the  ice  sheet.  Upon  the  relatively  fre.sh  surface  thus  exjiosed  the 
ice-borne  deposits  were  then  laid  down.  Most  of  the  decay  noAV  seen 
at  the  surface  of  quarries  took  place  since  the  retreat  of  the  ice,  and 
the  presence  of  ice-laid  oi-  water-laid  material  has  retarded  the  weather- 
ing of  the  underlying  slate.  When  the  burden  is  stripped,  therefore, 
less  waste  slate  need  be  taken  out  before  usable  material  is  found. 
This  is  partly  because  the  oxidizing  power  of  downward-moving  solu- 
tions is  spent  on  the  surface  material  before  the  slate  rock  is  reached, 
and  partly  because  rapid  expansion  and  contraction  of  the  rock  with 
changes  in  temperature,  the  ex])ansion  of  freezing  water  in  ci-acks,  and 
similar  climatic  effects  are  reduced  or  even  mdlitied  under  the  insidat- 
ing  blanket  of  the  glacial  or  glacio-tluviatile  overburden. 

EFFECT  OF  aaOPOOK AFIIY 

The  slate  is  very  often  laid  bare  Avhere  streams  have  cut  du'p 
channels.  Such  exposures  facilitate  correlation  of  individual  beds  and 
frequently  enable  the  quarrymau  to  select  an  idea]  site  for  the  open- 
ing. 

Where  the  slate  lies  on  a slope  and  the  cleavage  is  nearly  vertical 
the  cree])  of  the  superticial  layers  dcuvn  the  hill  may  ])roduce  distor- 
tion of  the  cleavage  planes ; in  such  cases,  when  the  exposure  is  on  the 
south  side  of  a hill,  the  dip  of  the  cleavage,  wdiich  is  generally  already 
to  the  south,  is  greatly  increased  or  the  cleavage  is  even  overturned 
so  that  the  planes  actually  incline  northward  instead  of  southward. 
This  ])henomenon  has  also  been  attributed  to  tlie  drag  of  the  soulh- 
ward  moving  ice  sheet."®  It  is  well  seen  in  the  Acme  quarry  on  rlie 
eastern  wall,  and  is  a common  feature  in  the  slate  region. 

of  STUATKJKAFHH'  ffatfkfs 
HAUI>  8LATE 

Description. — Hard  slate  consists  of  strata  Avhich  are  either  highly 
silieious,  unusually  carbonaceous,  or  more  purely  sericitic  than  usual. 
The  megascopic  features  have  already  been  descrilied.  For  a micro- 
scopic description,  see  the  section  on  the  composition  of  the  slate. 

^'Dale,  T.  N.,  Slate  in  tlie  United  States:  U.  S,  Geol.  Survey,  Bull.  586,  Plate 
xvn,  1914. 
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The  hard  slate  splits  well  except  where  the  cleavage  plane  crosses 
one  of  the  rare  wider  ribbons  of  siliceous  material.  The  cleavage 
surface,  however,  is  nowhere  as  smooth  as  in  the  soft  slate.  Locally 
The  cleavage  planes  are  somewhat  curved  for  long  distances. 

The  siliceous  ribbons  or  beds  wear  well,  and  do  not  decay  as  do 
the  carbonaceous  beds  of  the  soft  slate ; in  fact,  they  appear  to  be 
the  more  resistant  part  of  the  hard  belt  slate. 

“Flint  or  spar”. — The  hard,  sandy  beds  abrade  the  tools  greatly. 
Tn  places,  masses  of  quartz  and,  more  rarely,  calcite,  were  deposited, 
either  parallel  to  the  cleavage  or  in  small,  gash-like  joints  not  over  a 
foot  long.  Such  masses  are  spoken  of  as  “flint”  or  “spar”  by  the 
quarrymen.  They  interfere  with  perfect  cleavage  and  wear  the  cut- 
ting edges  of  the  tools. 

Uses. — This  slate  is  of  use  for  roofing  only.  It  was  once  made 
into  blackboards,  with  the  aid  of  diamond  dust  and  diamoTid  saws, 
but  this  method  of  polishing  was  expensive  and  the  siliceous  layers 
gave  the  slate  a banded  appearance.  Hence  for  this  purpose  soft 
slate  has  replaced  the  hard.  The  repeated  alternation  of  the  beds 
prevents  the  use  of  even  the  smaller  fragments  for  electric  insulation, 
as  the  ohmic  resistance  varies  greatly  within  a small  block. 

SLATE  TX  THE  MIDDLE  MEMBER 

Description. — The  lenses  of  slate  mentioned  as  occurring  in  The 
sandy  member  have  been  opened  in  only  two  places,  the  Batt  quarry, 
about  two  miles  south  of  Wind  Gap  post  office,  and  a small  quarry 
now  covered,  about  one  mile  west  of  Johnsonville.  The  slate  mined 
was  seen  only  at  the  Batt  quarry.  Here  it  is  closely  ribboned,  i-e- 
sembling  that  of  the  hard  belt,  but  the  siliceous  laminte  are  less 
common,  and  the  beds  have  a distinctly  “papery”  weathering.  The 
weathered  surface  rises  from  the  bed  rock  in  layers  0.1  inch  or 
less  thick  and  finally  breaks  off  to  form  thin  scales.  This  character- 
istic, although  not  limited  to  the  horizon,  is  more  typical  of  soft  belt 
slate.  Its  possession  by  the  slate  lenses  described  places  them  inter- 
mediate in  character  between  the  soft  and  hard  slates. 

No  thin  sections  of  the  slate  were  examined. 

ZJses. — The  slate  was  used  wholly  for  roofing.  It  is  now  no  longer 
quarried. 

SOFT  SLATE 

Description  of  the  slate. — The  valuable  ]Tai't  of  this  member  con- 
sists of  alternate  beds  of  highly  carbonaceoiTS  dark  blue-gray  and 
lighter  colored,  more  purely  sericitic  material.  Bare  beds  of  almost 
Avholly  chloritic  slate  and  occasional  very  thin  calcareous  layers  are 
also  present,  but  form  an  almost  negligible  portion  of  the  total  vain- 
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able  thickness.  For  a description  of  thin  sections,  the  jiart  of  this 
report  dealing  Avith  tlie  composition  of  the  slate  shoiUd  Ix'  consulted. 

RibhoHs." — The  '‘ribl)ons.  ” oi-  tliin,  carbonaceous  beds,  liave  an 
important  bearing  on  the  value  of  the  slate.  For  niillstock,  where  cer- 
tain decorative  eft’eets  are  desired,  the  “ribboned”  slate  is  looked  fin 
Avith  favor.  For  most  other  uses,  slate  free  from  ribbons  is  preferred. 
This  is  because  of  tlie  folloAving  facts:  (1)  the  “ribbons”  di'iute- 
grate  slightly,  as  is  Avell  seen  in  the  slate  jiaving  blocks  on  the  streets 
of  Bangor;  (2)  because  of  their  carbon  content,  the  “ribbons”  per- 
mit the  leakage  of  electricity;  hence  “ribboned”  slate  does  mit  act 
as  a good  electric  insulator;  (3)  as  the  “ribbons”  form  dark  streaks 
they  prcATiit  tlie  use  of  tlie  slate  AA'here  a unicolored  surface  is  desired. 

"'Hard  rolls.'' — The  .sandy  loAver  parts  nr  “hard  rolls”  ol  the 
thickest  beds  are  generally  discarded.  They  are  undesirable  for  two 
reasons:  (1)  they  resist  the  steel  in  trimming  and  (2)  the  cleavage 
is  not  plane  AA’here  it  crosses  such  layers,  but  possesses  a more  or  less 
gentle  curve,  convex  upAvard,  so  that  rooting  slate  made  from  such 
material  is  cuiwed. 

Recently,  it  is  said,  these  sandy  parts  of  beds  have  been  emplo\ ed 
Avith  some  success  for  sAA’itcliboards  and  fither  electric  insulators. 

Siliceoiis  loots. — Through  A’ariations  in  primary  deposition  or 
through  secondary  segregation  of  silica,  “knots”  or  patches  of  quartz 
occur  in  some  parts  of  the  slate  beds.  These  are  irregularly  shaped 
masses,  generally  approximately  circular  but  not  uncommonly  lemi- 
cular,  measuring  in  diameter  tAV’o  inches  or  less,  and  frequently  con- 
nected Avith  each  other  by  thin  stringers  of  similar  matter.  A de- 
scription of  their  microscopic  appearance  is  gh’en  in  the  section  on 
l)etrogra])hy.  Such  knots,  like  other  irregularities  in  composition, 
introduce  variations  in  resistance  and  are  deleterious  if  the  slate  is 
to  be  used  for  electrical  purposes.  Further,  AA’here  the  cleaA'age  crosses 
them,  an  irregular  surface  is  ]>roduced.  For  these  reasons  knotty  slate 
is  to  be  avoided. 

Graphitic  flales. — Not  uncommoidy  a thick  bed  of  clear  slate,  Avith 
the  light  gray  color  characteristic  of  good  electrical  material.  shoAvs 
irregular  masses  or  flakes  of  carbon  such  as  haA’e  been  described  in 
the  section  on  stratigraphy.  These  carbon  flakes  also  permit  electrical 
leakage,  as  Avas  demonstrated  by  Robert  Notvest  of  the  Structural 
Service  Bureau.  NotATst  found  that  the  carbon  particles,  acting  Avith 
the  ferric  oxide  (more  probably  magnetite?)  in  the  slate,  form  small 
condensers  Avhich  facilitate  leakage.  Several  sjiecimens,  some  AAith 
high,  others  Avith  Ioav  carbon  content,  Avere  testetl,  ami,  Avith  2, .')()() 
volts,  an  aA’erage  of  441  milliamperes  leakage  AA’as  measured  iu  six  speci- 
mens containing  1.7  to  2.3  per  cent  carbon,  AA’hile  three  specimens 
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l)earing'  only  0.6  to  1 per  cent  carbon  gave  an  average  of  1-18  milliam- 
peres.®'^  In  the  ease  of  Pennsylvania  slates,  Notvest  has  reached  the 
conclusion  that  leakage  not  attributable  to  moisture  is  due  to  the 
existence  of  “an  excess  content  of  carbonaceous  substances.”®^ 

Stratigraphic  sequence. — It  has  already  been  pointed  out  that 
the  upper  member  of  the  Martinsburg  formation  can  be  separated 
into  two  parts,  which,  following  the  quarrymen,  may  be  called  the 
Bangor  beds  (below)  and  the  Pen  Argyl  beds  (above).  Although 
the  exact  thickness  of  the  entire  series  of  Bangor  or  of  Pen  Argyl 
beds  is  not  determined  with  certainty  because  a complete  section  across 
eitlier  division  is  not  afforded  and  because  the  crumpling  of  the  beds 
is  too  severe,  exact  measurements  were  made  of  parts  of  these  smaller 
stratigraphic  divisions  as  exposed  in  quarries.  In  all  cases  the  strata 
Arere  measured  in  parts  of  an  inch,  the  rule  being  laid  along  the 
cleavage ; the  values  obtained  were  then  recalculated  to  yield  actual 
thicknesses,  as  measured  at  right  angles  to  the  bedding  planes.  The 
i-esults  of  these  observations  are  shown  on  the  charts  (Plate  XII 
and  XI 11)  in  pocket. 

It  will  be  noted  from  these  charts  that  certain  beds,  called  “big 
beds”  by  the  quarrymen,  are  exceptionally  thick.  Where  such  beds 
can  be  identified  and  correlated,  they  serve  as  key  horizons.  In  this 
way,  generalized  values  of  the  thickness  of  slate  intervening  between 
two  beds  can  be  ascertained,  whenever  that  thickness  is  exposed  in 
the  quarries.  It  should  be  understood,  however,  that  the  resulting  val- 
ues vary  sharply  with  the  structural  jiosition  of  the  section  measured. 
For  example,  the  beds  in  the  trough  of  a syncline  are  far  thicker  than 
those  on  the  limbs.  The  table  which  follows  is  therefore  generalized. 

Within  the  Bangor  and  Pen  Argyl  beds  it  is  customary  among  the 
slate  operators  to  recognize  large  subdivisions  called  “runs,”  which  in- 
clude the  several  beds  of  slate  exposed  in  a quarry  or  group  of 
quarries.  Although  these  subdivisions  are  of  a sort  standing  inter- 
mediate between  beds  and  the  larger  stratigraphic  units  generally 
recognized  by  geologists,  the  economic  value  of  accepting  the  termi- 
Jiology  of  those  most  concerned  with  the  succession  of  beds  in  the 
soft  slate  is  evident  and  justifies  the  retention  of  the  term  “run,” 
together  with  the  classification  built  up  by  the  quarrymen.  There  are 
disagreements  as  to  the  names  applied  to  some  of  the  runs  and  to  their 
subdivisions,  the  separate  beds,  but  the  most  generally  accepted  terms 
have  been  used  in  the  following  table. 

In  this  table  the  figures  given  represent  average  thicknesses  in  feet. 
Parts  of  the  sequence  were  measured  in  detail,  othei’s  Avere  only  esti- 
mated. 


"'Slate  for  electrical  uses;  The  Structural  Slate  Co.,  Pen  Argyl.  Pa.,  29,  1923. 
Op.  cit. , p.  28. 
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Pen  Argyl 
beds 


Table  of  Soft  Slate  Beds 


Varying  thickness  to  top  of  upper  meml)er  of  iMar- 
tinsburg  formation  as  exi)osed. 


Pennsidania  “run” 


Feet 

Intervening  beds  . . 21 

< Big  bed 12.5 

Intervening  beds  . . . 110 


Unmeasured 

“run” 


tliickness, 


including  the  United  States 


Diamond  “run” 


Intervening  beds 


Albion  “run” 


Intervening  beds 


Acme  “run” 


Intervening  beds 


Phoenix  “run” 


A 


i 


•Johnny  Knack  bed 
Intervening  beds  . . 
Genuine  big  bed  . . 
Intervening  beds  . . 

Red  bed  

Intervening  beds  . . 
Big  l)cd  ...  


^ Jenny  Weeks  bed  . . 
Intervening  beds  . . 

Hard  big  bed  

Intervening  beds  . . 

Big  bed  

J Intervening  beds  . . 

Gray  bed  

Intervening  beds  . . 
Genuine  big  bed  . . 
Intervening  beds  . . 
Hard  Front  big  bed 


' Big  bed  

Intervening  beds  . . 

Big  bed  

Intervening  beds  . . 

Big  bed  

Intervening  beds  . . 
^ Big  bed 


I'  Big  bed  

Intervening  beds  . . 

^ Big  bed  

Intervening  beds  . . 
Big  lied  


10 

46.5 

6 


9 


56.5 


7.5 


255 

10 . 5 
33  5 
12 

3 

7.5 

72.5 

5 5 
14  5 
14 

3 

8 

76 

6 

41.5 

5.5 
27. 
11. 

5. 

9 


4 5 
12 
5.5 
27.5 
4 


cn  o^ 
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Bangor  beds 


Unmeasured  thickness,  largely  sandy  beds, 

Xortli  Bangor  No.  3 

First  big  bed  

Intervening  beds  . 
i North  Bangor  No.  3 
Second  big  bed  . . . 


North  Bangor  No  3 

< ‘ i-iin  ’ ’ 


North  Banor  No.  2 


“run” 


North  Bangor 


Intervening  beds 


f North  Bangor  No.  2 

<!  big  bed  

I Intervening  beds  . . . 


■ run 


Bangor  Union 


run 


Old  Bangor  “run” 


Grand  Central  “run”< 


f North  Banger  big  bed 
I Intervening  beds  . . . 
i Mike  Taylor  big  bed 
I Intervening  beds  . . . 

" Bangor  Union  big 

be  I 

■<  Intervening  beds  . . . 
Black  Ribbon  big  bed 
Intervening  beds  . . . 

13  big  bed  

Intrevening  beds  . . . 

Gray  bed  

Intervening  beds  . . . 
Middle  (Gray  Bed) 

big  bed  

Intervening  beds  . . . 

9-foot  big  bed 

Intervening  beds  . . . 

Grand  Central  First 

big  bed  

Intervening  beds  . . . 
Grand  Central 
Second  big  bed  . . 


12 

23 

11 

49 


6 

50 

7 

60 

8 

141 


8 

75 

5 

36 

5 

52 

7 

22 

7 

25 

3 

25 


4 

25 

8 


In  the  above  table,  beds  not  included  in  definite  “runs”  in  map- 
ping are  set  into  the  second  column,  under  the  caption  “Intervening 
beds”.  These  are  generally  not  exposed  and  their  thickness  has  been 
estimated,  not  accurately  measured. 

On  the  geologic  maps  (Plates  II  and  XIV),  the  two  major  divisions 
of  the  soft  slate,  the  Pen  Argyl  and  Bangor  beds,  are  separated.  For 
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economic  purposes,  lioivever,  any  lines  of  division  that  can  be  rcc- 
onized  within  these  larger  units  are  of  value.  By  detailed  work,  it 
lias  lieen  possible  to  trace  the  jiroductive  ]iart  of  the  Diamond  “run 
and  the  Albion  “run”  in  the  Ben  Arg-yl  beds.  Similarly,  the  outeroi) 
of  the  C4ray  bed  of  the  Bangor  run  can  be  map[)ed  from  Wind  Clap  to 
Bangor.  On  the  geologic  maps  of  Wind  Gap,  Pen  Argyl,  and  environs 
and  of  Bangor  and  environs  these  distinguishable  beds  have  there- 
fore been  indicated  by  separating  both  the  Albion  and  Diamond 
“runs”  from  the  rest  of  the  Pen  Argyl  beds,  as  far  as  possible,  and 
'OA'  using  the  line  of  outcrop  of  the  Bangor  Gray  bed  to  divide  the 
Bangor  beds  into  tivo  parts.  Of  these  latter,  the  upper  ]mrtion  of  the 
Bangor  beds  includes  the  North  Bangor  No.  3,  North  Bangor  No.  2, 
North  Bangor,  and  Bangor  Union  “runs”,  and  that  part  of  the  Old 
Bangor  “run”  that  lies  above  the  Gray  bed;  the  loAver  part  includes 
the  remainder  of  the  Old  Bangor  “run”  and  the  Grand  Central 
“run.  ” 

Uses. — The  slate  of  the  u])permost  member  of  the  Mai’tinsburg 
formation  is  com-erted  to  almost  all  uses  to  Avhich  slate  is  adapted. 
The  exceptionally  thick  beds,  Avhen  rprarried  in  large  blocks,  are  em- 
ployed for  blackboards;  in  smaller  pieces  they  are  made  into  rooting 
.slate.  Beds  Ioav  in  carbon  and  hence  light  in  color  are  used  for  elec- 
trical slate,  if  free  from  irregular  siliceous  or  carbonaceous  masses. 
All  beds  can  be  used  for  roofing  slate  and  millstock,  provided  that 
the  cleavage  planes  are  not  curved.  Certain  thin  beds  at  Bangor, 
intermediate  in  color  betAveen  the  carbonaceous  black  and  the  typical 
light  gray  of  the  big  beds,  are  used  for  school  slate. 

EFFEC  T OF  STRUCTURAL  FEATURES. 

REDDING 

In  places  in  the  gently  or  sharply  cuiwed  recumbent  folds,  charac- 
teristic of  the  district,  the  bedding  is  ATidical,  in  others  horizontal. 
In  the  hard  belt  profitable  quarrying  is  not  confined  to  one  bed  or 
group  of  beds ; there  is  here  no  ATry  marked  difference  in  Amlue  be- 
tAveen  one  part  of  the  sequence  and  another,  excepting  in  certain 
recognizable  thicknesses  of  unusually  gritty  layers.  In  the  hard  belt 
the  attitude  of  the  beds  is  thus  of  little  importance. 

In  the  soft  belt,  hoAveA'er,  structural  relations  of  l>edding  are  of 
great  importance.  Assume  a recumbent  syncline  Avith  a ATry  small 
opening  angle.  In  the  limbs  of  such  a structure  the  dip  of  the  beds 
is  very  gentle,  or,  in  the  picturesque  ATrnacular  of  the  quarrymen, 
the  beds  “run  fast.”  If  quarrying  be  begun  in  the  upper  limb,  as 
the  opening  is  carried  to  a certain  depth,  progressAely  younger  beds 
Avill  be  encountered.  Beyond  this  the  same  sequence  Avill  be  met,  but 
in  the  reATrse  order. 
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STRUCTURE  SECTIONS  IN  RANCOR  DISTRICT:  Scale  1 iiicli  = r)00  feet. 
AA  Section  N.  5i)°E.  along  noitheast  edge  of  old  Rangor  qnarr.v. 

RB'  Section  N.  .S7°E.  tlirongli  Bangor  ITnion  and  Colnmbia  Bangor  quarries. 
CC'  Section  N.  30°W.  through  North  Bangor  No.  3 quarry. 

DD'  Section  N,  35°W.  through  Shimer  quari’y. 
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If,  instead,  the  opening  angle  be  very  large,  a very  much  greater 
depth  will  be  recpured  to  penetrate  from  a l)ed  in  the  upper  to  its 
continuation  in  the  lower  limb  of  the  fold.  This  principle  is  illus- 
trated in  Figure  21.  It  is  thus  seen  that  the  larger  the  opening  angle 
between  the  limbs  of  a fold,  the  longer  a bed  or  series  of  beds  remains 
accessible  in  a vertical  shaft. 

In  the  soft  belt  it  is  ordinarily  desired  to  work  or,  as  the  quarry- 
men  put  it,  to  “hold”  one  bed,  generally  an  exceptionally  thick  one, 
as  long  as  possible.  It  is  thus  to  the  advantage  of  the  quarrj-men. 


SU/?FACE 


QUARRY 

Figure  21.  Advantages  of  open  over  close  folding  in  retaining  a desired  bed  in 
quarrying. 


Other  things  equal,  to  quarry  where  the  folds  are  open  and  the  beds 
nearly  vertical. 

CLEAVAGE 

True  cleavage. — The  cleavage  gives  slate  its  value  as  a structural 
material.  It  is  highly  important  that  tlie  cleavage  yield  smooth,  plane 
surfaces.  This  is  prevented  by  any  one  of  the  following  three  con- 
ditions ; 

1.  Siliceous  knots.  These  almost  always  make  the  clea- 
vage ragged  and  irregular. 

2.  Sandy  layers  or  “hard  rolls.”  The  cleavage  generally 
is  curved  rather  than  plane,  as  it  passes  over  sandy  beds. 

3.  Faulting  or  other  intense  compression  subsequent  to 
the  development  of  cleavage:  in  such  cases  the  cleavage 
is  likely  to  be  severely  curved  or  distorted  near  the  fault 
planes. 

These  factors,  especially  the  latter  two,  are  harmful.  This  is  not 
so  much  because  they  produce  a condition  in  which  the  cleavage  is 


no 


SLATE  IX  XOKTHAMPTON  COUNTY 


not  perfectlj’  plane,  liowever.  Thus,  in  large  openings,  sucli  as  the 
Albion  quarry  at  Pen  Argvl,  the  gentle  curvature  of  the  cleavage 
is  obvious  to  the  casual  observer,  in  the  curvature  of  the  surfaces  on 
which  quarrying  is  carried  on,  but  is  uot  at  all  deleterious  to  success- 
ful operations  because  the  radius  of  curvature  is  so  great  (Plate  XI, 
A).  P>ut  the  three  features  named  may  produce  sharp  changes  in 
the  dip  of  the  cleavage  plaiies  and  it  is  these  sudden  variations  in 
dip  that  spell  doom  to  quarry  success.  Thus,  a regular  change  in 
dip  from  15°  to  30°  in  100  yards  is  not  disastrous,  but  the  same 
change  in  10  feet  ruins  the  slate  so  affected. 

False  cleavage  {slip  or  fracture  cleavage). — This  feature,  consist- 
ing of  closely  spaced  small  fractures,  whose  planes  cut  the  true  clea- 
vage planes,  affects  none  of  the  quarries  in  the  region  studied,  although 
it  is  commonly  observed  in  the  middle  member  of  the  Martinsburg 
formation.  Its  development  has  been  mentioned  by  Dale*,  as  pre- 
venting the  successfid  quarrying  of  otherwise  acceptable  slate. 

GRAIN 

In  the  region  studied,  slate  tends  to  break  along  surfaces  which, 
although  irregular  in  detail,  yet  coincide  in  general  with  a plane  sur- 
face trending  at  right  angles  to  the  general  strike  of  the  cleavage.  This 
plane  of  fracture  is  the  grain,  sculp,  or  scallop  of  quarrymen.  The 
uniformity  iji  the  strike  and  diji  of  the  grain  is  of  no  economic  im- 
portance in  itself,  but  associated  with  bedding  and  cleavage,  it  be- 
comes a matter  of  great  significance. 

The  quarries  are  generally  opened  with  their  sides  (that  is,  the 
surfaces  at  right  angles  to  the  bedding  strike)  and  their  cables 
parallel  to  the  grain.  Further,  grain  and  cleavage  form  two  planes 
generally  at  angles  of  90°  to  each  other ; if  a third  surface  is  broken 
at  right  angles  to  the  two  natural  planes  of  weakness,  more  or  less 
rectangular  pieces  can  be  taken  out  of  the  quarry.  Grain  thus  facili- 
tates the  removal  of  the  slate  in  regular  blocks  and  reduces  the  ivaste 
develo])ed  by  trimming.  The  relation  between  grain,  cleavage,  and 
bedding  is  illustrated  in  Figure  11,  page  55. 

MUTUAL  RELATIONS  OF  BEDDING.  ULEAYAGE.  AND  GRAIN 

Bedding — cleavage  relation. — Quarrymen  speak  of  slate  as  having 
“length.”  This  is  the  length  from  end  to  end,  generally  measured 
parallel  Avith  the  grain,  of  a cleavage  flake  of  slate  Avithin  one  bed. 
Thus  in  Figure  11,  the  length  of  slate  aA'ailable  betAA’een  the  two 


*Dale,  T.  N.,  Slate  in  the  United  States:  U.  S.  Geol.  Survey,  Bull.  586,  p.61,  1914. 
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black  beds  ■would  be  measured  abuig  the  line  of  interseetion  bei'ween 
the  cleavage  ami  the  grain  plane. 

A reference  to  Figure  22  clearly  illustrates  that  the  length  thus 


Figure  2-.  To  show  how  the  "leiigtir'  of  slate  ohtaiiial)le  from  the  same  bed 
varies  inversely  with  the  angle  between  cdeavage  and  bedding. 


varies  approximately  inver.sely  -with  the  angle  between  cleavage  and 
bedding,  and  hence  that,  other  things  being  equal,  a quarry  opened 
in  a “tight”  fold  like  Figure  22,  1>,  is  more  profitable  than  one  in  an 
open  fold,  such  as  that  shown  in  Figure  22,  A.  This  fact  presents 
a distinct  advantage  for  the  Bangor  quarries,  where  the  folds  are 
generally  tight.  Sometimes,  however,  if  the  beils  are  severely  thinned 
on  the  limbs  by  intense  compression,  such  an  advantage  is  nullified. 

Bedding — grain  relation. — As  the  slate  is  generally  broken  parallel 
to  the  grain,  the  removal  of  rectangular  pieces,  a condition  favoring 
the  reduction  of  trimming  lo.sses,  is  dependent  in  part  on  there  h>eing 
a right  angle  between  grain  plane  and  bedding  strike.  This  is  illus- 
trated in  Figure  23.  In  the  figure  on  the  left,  rectangular  blocks 
can  be  broken  out  between  the  two  ribbons  because  the  grain  plane 
is  parallel  to  the  dip  of  the  beds.  In  the  figure  on  the  right,  it  is 
impossible  to  break  out  a block  of  similar  area  with  its  sides  parallel 
to  the  grain,  Avithout  taking  also  some  of  the  undesirable  ribbon. 


Fi};ure  23.  I)ia,i;iam  showiim  effect  of  relation  between  ^u’ain  and  iH'dding  in 
(inarryinji'.  Relations  ai-e  favorable  in  tiie  tiiinre  to  the  left,  nn- 
favoralde  in  that  to  the  ri<iht. 
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Cleavage — grain  relation. — This  is  not  a very  important  factoi*,  but 
quarrying  is  easier  where  the  strike  of  the  cleavage  is  either  parallel 
or  at  right  angles  to  the  grain  strike. 


Figure  24.  Dingrnm  to  sliow  how  diill'reiKes  in  the  angle  between  the  quarry 
wall  and  bedding  affect  the  bedding  patterns  on  the  quarry  wall. 


Figure  25.  Uiagrains  to  show  how  differences  in  the  angle  between  quarry  wall 
and  bedding  strike  affect  the  bedding  pattern  on  the  quarry  wall. 


FAULTING 

Faulting-  plaj’s  two  roles  in  (piarrying,  according  to  the  type  of 
fault  developed.  Thrust  faults  of  large  displacement  are  known  in 
the  slate  district,  but,  except  for  their  elfect  in  distorting  the  cleavage 
and  changing  the  sequence  of  beds,  such  faults  are  negligible.  Yet 
two  other  types  of  faults  are  of  much  imi)ortance.  One  of  these  is 
represented  by  the  small  movements,  more  or  less  ]uu-allel  with  cleav- 
age planes,  seen  in  the  -lackson  Bangor  (|narri(*s.  These  confuse  the 
normal  sequence  by  causing  the  re])etit;on  or  omission  of  beds.  The 
etfect  of  such  faidting  is  discussed  in  the  section  on  structure  (p.  (13). 

A second  type  of  fault  is  the  bedding  sli]),  in  which  the  movement 
over  large  areas  is  practically  parallel  to  the  bedding.  Illustrations 
of  such  displacement  are  furnished  by  the  Albion  A^ein,  Albion  and 
New  Peerless  (Bangor  AYin ) quarries  and  are  again  discussed  in 
the  detailed  descriptions  of  the  quarries  named.  In  these  cases  the 
movement  has  opened  the  cleavage  in  the  adjacent  slate,  sometimes 
with  the  deposition  of  quartz  in  the  interstices.  The  faulting  has 
also  develo]ied  joints  which  form  acute  angles  with  the  plane  of 
sli]q)age.  Year  bedding-slip  faults  so  much  bad  slate  is  thus  de- 
veloped that  such  movements  become  a sevei-e  bane  to  the  quarrymen. 
Uufoitunately  they  are  frequently  not  discovered  until  after  opera- 
tions are  well  under  way.  See  also  page  65. 

.TOTXTIXG 

General  plan. — Jointing  has  already  been  discussed  in  connection 
with  the  structures  of  the  slate.  In  general,  the  ideal  condition,  from 
the  viewpoint  of  the  quarry  operator,  is  met  where  the  joint  planes  are 
approximately  vertical  and  at  right  angles  to  the  grain  planes.  This 
permits  the  ready  removal  of  almost  rectangidar  blocks  from  the 
quarry,  a circumstance  again  favoring  reduction  of  trimming  waste. 

It  is  a notable  fact  that,  in  the  region  studied,  joints  tend  to  assume 
a strike  of  about  N.30-60°E.,  which  is  approximately  at  right  augles 
to  the  prevailing  direction  of  the  grain  and  about  parallel  to  the  strike 
of  the  bedding.  In  detail,  however,  the  generalization  does  not  hold, 
and  no  definite  law  can  be  set  down  which  fits  all  cases  rigorously. 
Certain  general  facts  having  an  economic  bearing  were  observed,  how- 
ever. 

Joint  systems. — It  was  found  that  systems  of  joints  present  in  one 
quarry  could  in  many  instances  be  recognized  in  another.  It  is 
probably  impossible,  in  a region  of  such  close  folding,  to  trace  a joint 
system  from  one  quarry  to  another  when  the  openings  are  half  a 
mile  apart.  Alore  especially  is  this  true  along  the  strike,  for  the 
joints  are  the  response  to  stresses  and  these  vary  from  ])lace  to  place 
along  the  strike  of  the  beds.  However,  in  the  few  instances  where  one 
quarry  has  been  opened  approximately  down  the  di|i  from  another,  the 
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coiT’esponcIence  between  joint  systems  is  notable.  The  best  examples 
are  furnished  by  the  Albion  Vein  and  Parsons  quarries  (q.  v.).  In  these 
two  quarries,  strike  and  dip  of  bedding-  and  cleavage  are  closely  similar. 
The  marked  correspondence  between  the  sti-ikes  of  the  two  systems  of 
joints  in  the  two-  quarries  is  well  shown  by  the  joint  diagrams. 

Joints  and  pitching  folds. — In  general,  as  has  been  repeatedly 
pointed  out,  the  major  structural  axes  trend  about  N 60°  B.  Where 
minor  folds  are  developed  with  axes  transverse  to  the  major  structures 
there  is  a tendency  for  the  joints  to  assume  radial  patterns.  This  is 
Avell  illustrated  by  obser\mtions  in  the  Consolidated  No.  3 quarry, 
Avhere  the  pitching  fold,  on  AAdiich  the  Consolidated  Star  qiTarry  is 
located,  comes  to  the  surface.  Similarly,  but  less  perfectly,  jointing  in 
tlie  Tinsman  quarry  su]Aports  the  same  generalization.  In  this  opening, 
which  is  on  the  upper  limb  of  a syncline  Avhose  axial  plane  dips 
south,  the  beds  in  the  eastern  part  of  the  quarry  dip  southeast Avard 
and  strike  about  N.  70°  E.,  AAdiile  on  the  Avestern  wall  they  strike 
X.  80°  W.,  dipping  soutliAvard.  The  minor  flexure  thus  suggested 
can  be  Avell  seen  in  the  bottom  of  the  quarry.  In  this  opening  joints 
fall  in  general  into  two  systems,  striking  N.  60°  E.,  and  N.  40°  \Y., 
but  there  is  little  real  parallelism  observed.  It  is  significant  that  the 
OAA'ners  of  both  ciuarries  mentioned  have  experienced  serious  difficulties 
in  facing  this  problem  of  convergent  joint  planes. 

Joints  and  faults. — As  previously  mentioned,  AA’here  bedding-slip 
faults  are  Avell  deATloped,  the  joints  are  likely  to  form  closely  si^aced 
gashes,  the  planes  of  Avhich  make  acute  angles  Avith  the  fault  plane. 
The  slate  in  such  places  is  so  badly  broken  into  small  flakes  as  to 
become  A'irtually  Avorthless.  Some  cleaA-age  flakes  are  much  bent  and 
look  like  half-cylinders. 

Where  the  faulting  is  more  or  less  parallel  to  the  cleaA'age  planes, 
the  effect  on  the  jointing  is  not  Avell  marked,  if  noticeable  at  all. 

DRAINAGE  PROBLEMS 
AIEAXS  OF  AVATER  IXGRESS 
Summary. — AYater  enters  the  quarries  in  fiA-e  Avays:* 

1.  Along  the  sides  of  the  quarry,  especially  at  the  corners; 
in  this  case  it  generally  represents  surface  run-off. 

2.  Along  the  bedding  planes,  particularly  where  there  are 
openings  betAATen  succesive  beds. 

3.  Along  open  joints. 

4.  Along  cleaAUge  planes,  notably  Avhere  stringers  of 
quartz  or  caleite  laid  doAvn  parallel  to  the  cleavage  Avere 
later  in  part  dissolved  aAvajq  so  as  to  leave  gaping  openings. 

5.  Along  shear  or  faidt  zones. 

*Bowles,  Oliver,  Recent  progress  in  slate  technology:  U.  S.  Bur.  Mines,  Reports 
of  investigations.  Serial  No.  2766,  p.  6,  .Vugust,  1926. 
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The  groTUid  water  surface,  in  sucli  generally  ini])ervious  rock  as  slate, 
is  seldom  horizontal,  “Perched”  -vYater  tables  must  be  common  and 
considerable  hydraulic  pressure  is  thus  developed.  At  Slatedale,  for 
example,  the  water  level  in  two  adjacent  quarries,  not  more  than  loO 
feet  apart  and  both  long  abandoned,  has  been  observed  to  ditfer  by 
fifteen  feet. 

The  “perched”  water  seeks  any  opening  that  Avill  allow  it  to  sink 
to  ground  level.  Thus  quarries  are  frequently  suddenly  inundated 
as  operations  exjtose  an  open  cleavage  crevice,  joint,  or  ]m,rtially 
shattered  surface  of  shear. 

Examples  of  wafer  ingress. — About  one  mile  west  of  Bath,  on  the 
Dannersville  road,  is  a schoolhouse.  A small  o])ening  has  been  made 
on  a side  road  one  thousand  feet  east  of  the  school.  In  the  east  wall 
of  this  qiiarry  and  ten  feet  above  its  floor  is  a zone  almut  two  inches 
wide  and  parallel  with  the  cleavage;  this  is  now  only  partly  filled 
Avith  quartz,  the  rest  of  the  filling  having  been  largely  dissolved  aAvay. 
Here  and  there  in  the  creA’ice,  traces  of  the  caA’crnous  ((uartz  are  still 
to  be  seen.  This  crevice  is  a good  illustration  of  the  deA'elopment  of 
open  cleavage  along  Avhich  Avater  enters  quarries. 

In  the  loAver  level  of  the  Ncav  York  quarry  is  a zone  of  movement 
approximately  parallel  to  bedding  and  bounded  by  a calcareous  bed 
shoAving  slickensides  and  striae.  Water  enters  freely  along  this  zone 
and  apparently  connects  Avith  the  ground  Avater  beyond  the  quarry, 
as  the  ingress  of  Avater  here  is  said  to  have  been  synchronous  Avith  the 
floAv  from  a nearby  Avell.  It  appears  that  the  .shattering  of  the  rock 
by  the  drilling  of  the  well  produced  a subterranean  passage-way  be- 
tAveen  the  general  ground  AAater  and  the  open  shear  zone  mentioned. 

In  the  Tinsman  quarry  at  Wind  Gap  Avater  enters  in  three  Avays:  (1) 
along  the  sides  of  the  quarry;  (2)  aloiig  bedding  planes,  especially 
near  the  surface;  (3)  along  joints.  Some  joints  are  partially  sealed 
by  calcite,  but  many  are  open,  and  even  the  small  ones  deliver  much 
AA’ater.  From  one  very  narroAV  joint  a gallon  of  Avater  escaped  in 
sixteen  minutes. 


EFJ-ECT  OF  AVATEK  OX  QFARIiY  WALLS 

Besides  hindering  Avork  directly  by  flooding  the  quarry,  Avater  fre- 
quently becomes  a serious  danger  in  that  it  assists  in  deA’eloping 
“slides”  or  aA'alanches  of  rock  from  the  quarry  AA'alls.  Filling  crevices 
and  freezing,  it  exerts  a force  capable  of  pushing  large  parts  of  the 
AAmlls  into  the  quarry.  In  this  Avay  almost  half  of  one  side  of  a large 
quarry  in  the  hard  belt  once  fell  into  the  opening;  three  men  Avere 
droAvned  in  the  surge  of  the  quarry  Avater  produced  by  the  fall. 
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EXPLORATION 
SURFACE  EXPLORATION 

Dale*  has  already  discussed  the  general  methods  in  use  in  exploring 
for  slate  when  the  rock  is  exposed  at  the  surface.  To  this  discussion 
nothing  can  be  added. 

CORE  DRILLING 

Stratigraphic  interpretation. — In  the  region  here  studied,  the  strati- 
graphic location  of  a quarry  is  all-important  and  it  is  highly  desir- 
able to  anticipate  the  beds  that  will  be  exposed  in  quarrying.  Where 
the  outcrop  is  small  or  where  there  is  a heavy  overburden,  such  that 
the  beds  cannot  be  determined  at  the  surface,  diamond  drilling  should 
be  resorted  to.  Vertical  drilling  is  then  preferred,  as  the  exact  orien- 
tation of  the  core  is  made  easier  in  the  vertical  position,  and  as 
the  maximum  thickness  of  beds  is  thus  generally  penetrated. 

Correlation  of  the  beds  shown  in  the  core  with  some  portion  of 
the  slate  series  is  next  desired.  If  the  drill  has  encountered  the 
bedding  at  any  angle  other  than  90°,  the  distance  from  top  to  bottom 
of  a given  bed,  as  measured  in  the  drill  core,  will  exceed  the  actual 
thickness  of  the  bed.  Tliis  discrepancy  may  be  corrected,  however, 
by  the  formula 

t 

sin  a = — 

I 

in  which  a is  the  angle  between  the  bedding  and  the  vertical  direc- 
tion of  the  drill  hole,  / is  the  distance  from  top  to  bottom  of  the  bed 
measured  along  the  core,  and  t is  the  actual  thickness  of  the  bed. 

For  some  ])arts  of  the  sequence  in  the  uppermost  member  of  the 
IMartinsburg,  the  measurements  of  actual  thickness  have  been  made 
and  are  given  in  this  report  (Plates  XII  and  XIII).  From  the  charts 
mentioned,  the  a])]iarent  thickness  can  be  estimated  by  laying  a 
ruler  across  tlie  stratigra]ihic  column  in  such  a way  as  to  form  an 
angle  wdth  the  horizontal  lines  of  the  column  equal  to  the  acute  angle 
betw’een  the  vertical  bore  hole  and  the  bedding.  As  the  scale  em- 
ployed in  tliese  thickness  charts  is  known  to  be  one  inch  on  the  chart 
for  200  indies  of  actual  thickness  of  slate,  the  apparent  thickness  (that 
is,  the  actual  lengtli  from  top  to  bottom  of  the  given  bed,  as  measured 
parallel  to  the  lengtli  of  the  drill  core)  can  be  quickly  estimated. 
This  procedure  is  shown  in  Figure  26. 

*Dale,  T.  N..  The  slale  belt  of  eastern  New  York  and  western  Vermont ; U.  S. 
Oeol.  Survey,  Nineteenth  Ann.  Kept.,  part  III.  pp,  271-272.  1899. 
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Figure  2G.  Method  of  using  thickness  diarts  in  estimating  apparent  thickness 
of  beds. 

Depth  of  drilling. — If  the  problem,  instead  of  being  one  of  determ- 
ining what  beds  are  being  drilled  through,  becomes  that  of  estimating 
the  depth  required  in  drilling  or  quarrying  to  a given  desired  bed, 
correlation  ivith  some  known  slate  horizon  must  first  be  established. 
When  a known  bed  h,  is  recognized,  at  the  surface,  the  actual  thick- 
ness of  slate  separating  6 from  the  required  bed  c is  obtained  by 
reference  to  the  thickness  charts  or  to  any  other  data  that  furnish 


Figure  27.  Method  of  estiniatiug  depth  of  any  desired  bed  c,  when  bed  1)  is 
recognized  at  tlie  surface  and  actual  thickness  t is  shown  by  the 
thickness  chart. 
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this  information.  Tlie  formula  previously  given  is  then  applied  again, 
but  in  this  case  t is  knoivn  and  I is  the  required  value ; hence 

t 

I = 

sin  a 

where  t is  the  actual  tliickness  of  slate  intervening  between  the  beds 
h and  c,  the  angle  a is  the  acute  angle  between  the  bedding  and  the 
drill  hole,  and  1 is  the  de]ith  to  which  drilling  or  quarrying  must  be 
carried  to  strike  the  bed  c.  These  relations  are  shown  in  Figure  27. 

If  an  overburden  is  passed  througli  before  drilling  into  the  bed  h 
the  thickness  of  the  overburden  should  be  omitted  in  applying  the 
formula  given  above,  but  should  be  added  after  tlie  value  of  I has 
been  obtained,  in  order  to  give  the  total  distance  beloAv  the  surface 
which  must  be  traversed  to  strike  the  bed  c. 

Orienting  driU  cores. — As  the  drill  core  is  removed  from  the  hole, 
it  is  frequently  rotated  somewhat  around  its  long  axis.  Again,  the 
driller  may  mark  carefully  the  direction  of  its  orientation  after 
withdrawal  of  the  core  from  the  hole.  In  either  case  the  direction 
of  dip  of  the  beds  remains  uncertain.  In  such  instances,  the  follow- 
ing principles  may  serve  as  guide  in  the  district  here  described : 

1.  The  cleavage  is  generally  horizontal  or  dips  southward. 

Hence,  when  the  core  is  vertical,  if  the  beds  dip  more 
steeplj^  than  the  cleavage,  the  dip  of  the  beds  is  south. 

2.  The  grain  always  trends  N.  30-65°  W.  If  a bit  of  the 
core  is  chipped  to  determine  the  direction  of  the  grain  or 
sculp,  the  exact  orientation  of  the  core  can  be  assured, 
as  is  shown  in  Figure  28. 


B.  A. 

Figure  28.  To  .sliow  how  grain  can  he  used  to  orient  cylindrical  drill  cores ; A. 

incorrect  orientation : B.  correct  orientation  : cleavage  dips  south  in 
A.  hut  grain  trends  northeast ; cleavage  clips  south  and  grain  trends 
northwest  in  B. 
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The  iiii  port  mice  of  (IriUinfj. — Too  mudi  can  st.-areeiy  be  said  in 
favor  of  exiiloriny  with  a dianioml  drill  before  buying'  slate  land  or 
0])ening-  a (|uarry.  Thougb  the  slate  may  appear  good  at  the  surface, 
no  method  of  jn-ognostication  lias  yet  been  devised,  even  by  the  most 
experienced  practical  quarrymen,  by  which  the  continuance  in  depth 
of  favorable  composition  and  structure  can  he  assured. 

Every  innovation  which  reduces  the  element  of  chance  in  slate 
(ptarrying  is  to  he  welcomed.  Projier  core  drilling,  jilanned  and 
conducted  by  an  experienced  oiierator,  is  a further  safeguard  against 
that  waste  of  money  and  effort  which  has  made  the  mining  and 
(pianwing  industry  anathema  to  many,  and  of  really  large  profit  to 
hut  few. 

THK  VAIAWTIOX  OF  SLATE  LANDS* 

MI-7iTIOI)S  OF  VALT'ATIOX 

As  a basis  foi-  determining  the  present  value  of  slate  land,  it  is 
necessary  to  find  the  value  of  similar  land  adjoining  that  in  (luestion. 
From  this  base  value,  the  appraiser  may  determine  the  reflected  value 
of  the  land  to  be  appraised. 

This  value  of  adjoining  similar  land  is  referred  to  as  the  normal 
market  value,  that  is,  the  value  it  possesses  in  an  ojien  market  be- 
tween a willing  seller  and  a willing  buyer.  Thei’e  are  various  methods 
of  determining'  this  market  value,  dependent  upon  the  circumstances 
in  individual  cases.  Three  chief  sources  of  information  are  avail- 
able to  the  ajipraiser;  namely,  sales,  opinions,  and  assessments. 

It  has  been  found  by  the  Bureau  of  Valuation,  during  nearly  ten 
years  of  the  prosecution  of  its  work,  that  the  first  source,  sales,  is 
by  far  the  most  reliable  indication  of  true  market  value.  Sales  are 
tangible ; in  the  majority  of  cases,  all  the  facts  pertaining  to  a sale 
can  be  ascertained ; ])arties  thereto  can  be  interviewed ; and  facts 
stated  with  certainty.  Xot  all  sales,  however,  are  usable  or  a])pli- 
cable.  Some  are  found  to  be  impo.ssible  of  correct  analysis ; some  are 
found  not  to  be  bona-fide  transfei's;  some  are  too  old;  some  are  too 
remote  from  the  vicinity  of  the  land  to  be  apprai.sed;  .some  involve 
land  entirely  dissimilar  to  that  examined.  But  the  weight  of  the 
authority  of  court  decisions  is  that  in  valuation  cases  actual  bona-fide 
.sales  of  ]iroperty  are  the  most  reliable  indication  of  market  value. 

Opinions,  in  the  absence  of  sales  or  other  information,  offer  a guide 
to  the  ap])i-aiser  in  arriving  at  a conclusion  of  value.  But  there  are 
many  pitfalls  in  making  of  opinions.  Xot  all  men  are  qualified  to 
sjieak  with  authority  on  the  subject  of  land  values.  The  men  selected 
should  be  thoroughly  familiar  with  values  in  a given  territory,  and 

•Tins  summary  of  land  valuathm  iirinciplos.  as  a’Mdicd  to  slate  lands,  is  taken  from  a 
slij^htly  altered  personal  eommnniration  prepared  by  Mr.  Homer  II.  Kirby  of  the  Bureau  of 
Valuation.  Interstate  (’ommeree  t’oinmission . nvIio  lias  been  eiij;a^'ed  in  the  vjtluation  of  slate 
lands  in  Northampton  ('ounty. 
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they  should  be  capable  of  rendering  an  impartial  expression  of 
opinion. 

Assessments,  generally,  cannot  be  relied  upon  without  some  other 
cheek.  Assessed  values  are  rarely,  if  ever,  true  values,  although  the 
law  in  many  instances  requires  that  property  be  assessed  at  true 
values.  Usually,  the  requirement  is  that  the  assessed  value  be  a 
specified  percentage  of  the  true  value.  But  most  assessors  will  ac- 
knowledge that  they  do  not  place  a true  one  hundred  per  cent  valuation 
on  property  for  purposes  of  taxation,  even  where  such  is  the  require- 
ment under  the  law.  And  Avhere  the  assessor  attempts  to  make  his 
valuations  on  the  basis  of  a certain  percentage  of  the  true  value,  it 
is  almost  invariably  found  that  there  is  no  real  uniformity  in  the 
application  of  his  ratio. 

It  is  generally  desirable  to  establish  the  value  of  land  upon  the 
basis  of  naked  land  value  plus  minerals.  To  do  this,  the  presence  of 
slate  must  be  determined.  The  answer  to  the  question  as  to  the 
existence  or  non-existence  of  slate  is  not  dilficult  to  find.  Geologi- 
cal survey  maps  show  graphically  the  location  of  slate  deposits  in 
relation  to  the  land  appraised. 

The  answer  to  a second  question,  namely,  what  market  value  do 
such  slate  deposits,  in  the  ground,  possess,  is  not  so  easily  found.  A 
local  investigation  of  this  question  is  best  made  by  ascertaining  what 
sales,  if  any,  of  slate  lands  have  occurred  recently  or  during  the  last 
five  or  ten  years,  and  by  interviewing  men  engaged  in  the  industry, 
for  the  purpose  of  securing  authoritative  information  as  to  what 
value  should  be  attached  to  such  lands. 

Most  of  the  transfers  of  slate-bearing  lands  involve  heavy  improve- 
ments and  developments.  In  the  majority  of  instances,  sale  of  the 
land  carries  Avith  it  buildings,  machinery  and  cost  of  stripping  and 
developing  an  existing  “hole.”  The  value  of  these  developments 
and  improvements  must  be  known,  or  ascertained.  At  best,  the  re- 
sults obtained  by  making  deductions  based  on  such  estimates  are 
pretty  much  of  a guess. 

At  the  beginning  of  the  industi'y  in  this  region,  there  was  consid- 
erable prospecting  and  “AAdldcatting.  ” In  the  enthusiasm  of  pioneer 
development,  fabulous  prices  were  paid  for  presumably  slate-bearing 
lands.  When  the  fcATr  was  on,  every  man’s  farm  situated  in  the 
slate  region  was  looked  upon  as  a potential  fortune  because  of  the 
slate  presumed  to  be  contained  in  the  ground.  Many  of  these  early 
ventures  turned  out  to  be  failures. 

It  is  always  pretty  much  of  a gamble  as  to  what  will  be  the  result 
after  a costly  quarry  development  has  been  made.  It  may  transpire 
that  the  slate  will  be  found  to  be  useless  for  profitable  commercial 
purposes.  Its  quality  may  be  inferior  to  the  average.  The  strata 
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may  take  unexpected  twists  and  bends,  thus  rendering  the  slate  unfit 
for  the  higli-standard  use  to  which  it  is  generally  put.  But  this  is  a 
matter  that  cannot  be  definitely  known  until  after  considerable  de- 
velopment is  carried  out. 

CONCLUSIONS 

Because  of  the  uncertainty  surrounding  any  quarry  development, 
it  is  the  consensus  of  oi>inion  of  most  of  the  men  interviewed,  who  are 
connected  Avith  the  industry,  that  slate  hnnls  are  not  Avorth  anything, 
in  excess  of  bare  land  or  surface  Audue,  until  ])roA'en.  ^\t  the  present 
time,  no  operator  or  coni])any  Avill  buy  lands  for  quarry  purposes, 
until  it  has  been  proven  that  slate  in  commercially  profitable  quan- 
tities can  be  gotten  out, — that  is,  until  some  preliminary  develop- 
ment has  been  done.  And,  eA'en  then,  it  is  a “gamble.”  One  quarry 
may  be  profitably  operated,  and  another  immediately  adjoining  may 
proAT  to  be  a failure. 

From  a careful  consideration  of  all  the  facts,  therefore,  and  bear- 
ing in  mind  the  influence  exercised  by  them  on  the  market  Amlue  of 
slate  in  the  ground,  in  an  undeATloped  state,  the  AAunter  has  reached 
the  conclusion  that  the  slate-bearing  lands  examined  in  Xorthami)ton 
County,  Pennsylvania,  do  not  in  general  possess  any  special  market 
Amine  by  reason  of  such  slate  deposits,  before  the  slate  has  been 
quarried.  Until  then  the  only  A’alue  is  that  inherent  in  the  surface 
of  the  land  for  farm  or  other  puiqioses.  Any  other  element  of  Amine 
is  too  intangible  to  determine.  The  value  may  be  enhanced  by  in- 
dividual preference  or  special  factors,  but  no  general  standards  can 
be  laid  doAvn  to  gOA'ern  .such  exceptional  cases. 

QUARRY  DESCRIPTIONS. 

INTRODUCTORY  ST.^TEMENT 

As  has  been  previously  stated,  the  slate  quarries  in  the  district  under 
consideration  fall  into  two  groups, — those  of  the  soft  belt  and  those  of 
the  hard  belt.  The  former  are  more  numerous  and  economically 
the  more  important  today,  yielding  a greater  Amriety  of  slate  products. 
They  group  themsehms  generally  around  recognizable  centers,  of  Avhich 
Bangor,  Pen  Argyl,  and  Wind  Gap  are  most  important.  The  hard 
belt  quarries  are  less  localized.  The  most  important  centers  of  pro- 
duction noAV  are  Edelmans,  Belfast,  and  Cliapman.  TAventy-six  com- 
panies Avere  quarrying  in  the  soft  belt  during  1923,  and  tAventy-nine 
separate  holes  Avere  fui’nishing  their  material ; in  the  hard  belt  five 
quarry  holes  Avei-e  being  Avorked  by  four  com))anies.*' 

For  the  purpose  of  ease  in  finding,  the  quarries,  as  indicated  on  the 
quarry  maps,  have  been  separated  into  groups.  These  groups  gen- 
cralU'  are  fairly  closely  knit  economic  units,  shipping  slate  from  the 
center  or  centers  after  Avhich  each  has  been  named.  Tlie  quarries  and 


• In  1020,  only  two  cuin;iaiiies  wore  oiioratiiii;  hard  sl.'te  ijuarrics. 
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companies  are  listed  below  in  the  ai)])ropriate  group.  AYherever  pos- 
sible, the  name  by  which  the  quarry  is  known  in  the  immediate  neigh- 
borhood is  given,  to  facilitate  its  finding  in  case  the  reader  desires  to 
learn  more  about  it.  In  a few  instances  alternative  names  are  addea 
in  parentheses,  where  more  tlian  one  name  is  applied.  In  the  case  of 
many  of  the  older  and  abandoned  (pmrries  no  name  could  be  found. 
Similarly,  the  name  of  the  company  or  individual  operating  or  ov  ning 
the  property  is  given,  where  possible,  together  with  the  address,  again 
to  facilitate  inquiiy.  The  list  is  arranged  so  as  to  progress  from  th.e 
east  westward  across  the  soft  belt  and  similarly  across  the  hard  belt. 
Quarries  operated  iu  1928  are  marked  with  an  asterisk.  The  num- 
b'ei’S  correspond  to  those  used  on  the  geologic  map  (Plate  II). 

Soft  Slate  Quarries  (Soft  Belt) 

SLATEFORD  GROUl*: 

1 . Name  unknown. 

2.  Wa.sliiiiRton  llrown  (|uarry. 

3.  Williams  (luarry;  Frank  Williams,  Slateford,  Pa. 

4.  Snowdon  ouarry. 

5.  Frye  (luariy;  Scranton  Iron  Co.,  Scranton,  Pa.  (?) 


BANGOR  GROUP: 


*1. 

2 

3 

*4 

5 

ti 

7 

*8 

9 

10 

^11 

12 

13 

*14 

1,0 

*10 


17. 

*18. 

*10. 
*20. 
*21  . 
*22 
*23. 
24. 


East  Bangor  Consolidated  Slate  Co.,  East 


Bangor, 

Bangor 


Pa. 

Consolidated 


New  Yo:  k (|uai’ry  : Woodley  Slate  ('o„  Bangoi'.  Pa. 

Hoboken  (inarry  : .1.  F.  Houck.  Stroudsburg,  Pa. 

Strunk  (luarry. 

New  Peerless  (Bangor  Yein)  (]uarry  ; Bangor  Yein  Slate  Co.,  Bangor,  Pa. 
Little  Bangor  ouarry. 

Name  unknown. 

Mountain  Yiew  ouarry. 

('onsolidated  No.  3 (juarry 
Bangor,  Pa. 

Shinier  (luarry  ; Sliimer  Slate  Co., 

Consolidate<l  No.  2 (luarry ; Ejist 
Bangor.  Pa. 

Cons(didated  No.  1 — Star  (|uarry  ; 

East  Bangor.  Pa. 

Standard  ouarry. 

Bangoi’  Yalley  ( Bangor 
Bangui’  (’entral  ouai’ry  ; 

Bangor  Royal  (luarry. 

(kdumbia  Bangor — New 
Bangor  Slate  Co.;  west 
Bangor,  Pa. 

Bangor  E.xcelsior  (|uarry;  Bangor 


East 


E(’li)ise)  (|uarry 
Bangor  Central 

Bangor  (luarry  : 
end  owned  by 


Slate 

Bangor  Consolidated 


Co.,  East 
Slate  Co.. 


; I >.  Howell  Estate.  Easton.  Pa. 
Slate  Co.,  Easton,  Pa, 

east  end  owned  by  Columbia- 
Bangor  Ideal  Slate  Co.,  East 


Ideal  Slate  Co..  East  Bangor.  P’l. 


Old  Bangor  i|uarry 
Easton,  Pa. 

North  Bangor  No.  3 ((uarry  : 
Ninth  Bangor  No.  1 iiuarry  : 
Bangor-I’nion  iiuarry  : Auld 
Bangor  lYashington  quarry  : 
Northampton  (|uarry  : North 
Shaft  on  property  of  W.  L. 


.Amalgamated  Slate  Quarries  Co.,  Drake  Bldg., 


North  Bangor  Slate  Co..  Bangor.  Pa. 
North  Bangor  Slate  Co..  Bangor.  Pa. 
and  Conger  Co..  Cleveland.  Ohio. 

Bangor  Washington  Slate  Co..  Bangor.  Pa. 
Bangor  Slate  ('o.,  Bangor,  Pa. 

Blake.  Bangor,  Pa. 


WIND  G.\P — PEN  .ARGYL  GROUI’: 

1.  Nungesser  ouarr\. 

*2.  Albion-Bangor  (Blue  Mountain)  quarry;  Albion  Bangor  Slate  to..  Wind 
Gap,  Pa. 

*3.  Arvon  quarry;  Ar\  on  Slate  Co.,  At  ind  Gap,  Pa. 

4.  Excelsior  quarr.v  ; .John  F.  Hess.  42,5  Paxinosa  Ave.,  Easton,  Pa. 

. Pelican  ipiarry ; Plainfield  Slate  Co.  (?)  .r,  n t it- 

*G.  Tinsman  quarry;  The  M.  L.  Tiusman  Co.,  AATnd  Gap,  La.;  J.  W. 

AVilliams,  Easton,  Pa. 

7.  Allen  iiuarry;  AY  T.  Allen  Estate,  AATnd  Gap,  Pa. 


(^T’AKKlESi 
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S.  Kiniipy  (juarry  ; Wm.  Evans.  AVind  (lai),  I’a. 

*9.  Plioenix  (Hiarry  : I’lioenix  Slate  Co..  AViiid  (Jap.  I’a. 

10.  Heller  (luarry  ; I)i’.  .1.  ('.  Heller.  Wind  (Jap.  I’a. 

11.  Imperial  (|uai'r.v  : liniierial  Slate  Blackboard  Co..  A\  ind  (lap.  I’ti. 

12.  Acme  (piany;  (’olonial  Slate  Co..  Bansor,  I’a. 

*i;;.  Aliilia  (piarry  : Colonial  Slate  Co.,  Ban;;or.  I’a. 

14.  Name  nnknown. 

15.  Name  unknown. 

1().  Albion  Superior  (piarry:  Amalftamated  Slate  Co..  Easton.  I’a. 

17.  Stoddard  (piarry:  I).  Stoddard  & Son,  Banjior.  Pa. 

IS.  Dick  (piarry. 

10  Martin  & Hardin);  (piarry. 

20.  Honey's  Old  (piarry. 

21  (Jrand  Central  quarry:  Tlios.  1).  Moulds.  Philadelphia.  Pa. 

22.  Small  Grand  Central  (piarry  : Tlios.  D.  Moulds.  Philadelpliia.  Pa. 

2:j.  Name  unknown. 

*24.  Honey  (|iiarry  ; Hone.v  Slate  Co..  Pen  Arj;yl.  I’a. 

*25.  New  Hiainond  quarry:  Diamond  Slate  Co.,  I’en  ArK.vl.  I’a. 

*2Ci.  Parsons  (piarry;  Parsons  Bros.  Slate  Co..  Pen  A;  jtyl.  Pa. 

*27.  Albion  A’ein  (piarry:  H.  Stoddard  & Son,  Ban;;or,  Pa. 

2S.  Name  unknown.  _ 

*20.  Albion  quarry:  east  end  owned  by  Stepliens-.Tackson  Co..  Pen  Argyl.  Pa.: 
west  end  owned  by  Keenan  Structural  Slate  Co..  (Albion  Slate  Co.), 
P'irst  Natl.  Bank  Bld;^.,  Baii);(ir,  Pa. 

*H0.  .Jackson  Bann'or  No.  7 (piarry:  .Jackson  Baii);or  Slate  Co..  T’en  Ar);yl.  I’a. 
.31.  T'nited  States  (piarry:  .Jackson  Bangor  Slate  Co..  Pen  Ai'jtyl,  J’a. 

*.32.  Plerciiles  (Masters  or  Bol>;er  I quarry:  Belmont  Slate  Co.,  Bangor,  I’a. 
3:-;.  I’ennsylvania  (piarry:  .Jackson  Bangor  Slate  Co..  Pen  Argyl.  I’a. 

34.  Diamond  (piarry:  .Jackson  Bangor  Slate  Co..  Pen  Argyl,  Pa. 

*3.5.  .Jackson  Bangor  No.  (>  quarry:  .Jackson  Bangor  Slate  Co.,  I’en  Argyl.  Pa. 

3((.  .Jackson  Bangor  No.  (!  (piarry  (small  hole)  : .Jackson  Bangor  Slate  Co.. 

Pen  Argyl.  Pa. 

*.37.  .Jackson  Bangor  No.  5 (A'alley)  (piarry:  .Jackson  Bangor  Slate  Co.. 

I’en  Argyl.  Pa. 

.38.  Name  unknown. 

.30.  Name  unknown. 

40  Old  Crown  (piarry:  Crown  Slate  Co..  Pen  Argyl.  Pa. 

41.  Crown  (jiiai'r.v:  Crown  Slate  Co.,  Pen  Argyl.  Pa. 

42.  Bangor  Fidelity  (jiiarry  : Bangor  Fidelity  Slate  Co..  Pen  Argyl.  Pa. 

*4.3.  AVest  Bangor  quarry  : Bangor  Fidelity  Slate  Co..  Pen  Argyl.  Pa. 

44.  Bangor  Supeiior  small  (piarry:  Slate  Products  Co.,  Bangor  Pa. 

*4.5.  Bangor  Superior  (piarry:  Slate  Products  Co..  Bangor,  Pa. 

4C>.  Keller  (juarry. 

47.  Steidier  (piarry. 

48.  I’hler  (|iiarry  : Air.  I'bler,  Bangor.  Pa. 

40.  T’bler  (piarry:  Air.  Filler,  Bangor,  I’a. 

.50.  American  Bangor  (piarry;  American  Slate  Co.,  Drake  Bldg.,  Ea.ston.  Pa. 

51.  Bangor  Southern  (]iiai  ry ; American  Slate  Co..  Drake  Bldg.,  Easton,  Pa. 

52.  Keicliard  (piarry;  Dr.  Reicliard,  Bangor,  I’a. 

53.  Reiidiard  qiiarr.v ; Dr.  Reicliard  Bangor,  I’a. 

54.  Delabole  (piarr.v;  American  .Slate  Co.,  Drake  Bldg..  Easton,  I’a. 

5.5.  Name  unknown. 

50.  Name  unknown. 

57.  Nagel  (piariy. 

POINT  PHILLIP  GROUP: 

1 . AA'est  End  quarry. 

2.  AA’est  End  (piarry. 

3.  Beei’s  (juarry  ; Geo.  Beers.  Newton.  Pa. 

4.  St.  Nicholas  (piarry;  Geo.  Beers.  Newton,  Pa. 

5.  A'oung  quarry;  Cbas.  Stabley,  I’oint  I’billip.  Pa. 

SLATEFIELR  GROUP: 

1.  Seip  quarry:  Henry  Seip,  Danielsville.  Pa. 

2.  Laiiar  (piarry:  Oliver  Labar,  1st  National  Bank  Bldg..  Bangor,  Pa. 

3.  Name  unknown. 

4.  Name  unknown. 

.5.  J.angenbach  No.  1 (piarry. 

(■).  Langenbach  No.  2 quarry. 

7.  Ijangenbach  No.  3 qiiarr.v. 

8.  AA’illiams  No.  1 (piarry:  Tom  AViliams  Slatington.  Pa. 
i).  AA’illiams  No.  2 (piarry:  Tom  AA’illianis,  Slatington,  Pa. 

10.  AA’illiams  Shaft;  Tom  AA’illianis,  Slatington,  Pa. 
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Uard  Slate  Quarries  {Hard  Belt) 

PORTLAND  GROUP: 

1.  Nortliainpton  quarry. 

2.  Mt.  Uethel  (jiiarry  ; Willard  Hartzell,  IMt.  Rethel,  Pa. 

d.  Pliillips  quarry:  H.  and  W.  Pliillip.s,  R.  D.  1.  Portland.  Pa. 

4.  Miller  quarry;  Mrfs,  Stella  IMiller.  R.  I).,  Portland,  Pa. 

UNCLASSIFIED: 

Quarry  1-2  mile  west  of  .Jolmsonville  ; not  strictly  a hard  belt  quarry. 
FLICKSYILLE  GROUP: 

1.  Pysher  nu.irry:  Paul  T.  Pysher,  R.  D.  Flicksvillle,  Pa. 

2.  Doster  quariy;  H.  A.  Do.ster  Estate,  Rethlehem,  Pa. 

.3.  IVagner  quarry;  .losiali  Rucli,  Pliclcsville,  Pa. 

4.  True  Blue  quarry. 

.5.  Friedman  (luai  ry  ; Friedman  Bros.,  Scranton,  Pa.  (?) 

6 Delabole  quarry. 


BELFAST — EDEIAIAN  GROUP; 

1.  Batt  (|uarry. 

2,  Garr  quarry. 

.3.  Lehr  (juarry. 

*4.  Edelman  quarry;  Tbeo.  IVbitesell  and  Co.,  Easton  Natl.  Bank  Bldg., 
Easton.  Pa. 

0.  Barnett  quarry. 

6.  Pennsylvania  onai'i'y  ; Pennsylvania  Hard  Vein  Slate  Co.,  Geo.  W.  Geiser, 
Northampton  Natl.  Bank  Bldg.,  Easton,  Pa. 

7.  Seem  (pnirry  ; .Tacob  H.  Seem,  Bath,  Pa. 

S.  Allen  quarry. 

!J.  Northampton  (piarry  (two  openings)  ; Northampton  Hard  Vein  Slate  Co., 
Easton  National  Bank  Bldg..  Easton.  Pa. 

10.  Pi’operty  of  Northampton  Ilard  Vein  Slate  Co.,  Easton  Natl.  Bank  Bldg., 
Easton  Pa. 

11.  Property  of  Theo.  Whitesell  Co..  Easton  National  Bank  Bldg..  Easton.  Pa. 

12.  Theo.  Whitesell  quarry;  Theo.  Whitesell  Co.,  Easton  National  Bank  Bldg., 

Easton.  Pa. 

I. 3.  Property  of  Theo.  AVhitesell  Co.,  Easton  National  Bank  Bldg.,  Easton,  Pa. 

14.  Property  of  Theo.  Whitesell  Co-.  Easton  National  Bank  Bldg..  Easton,  Pa. 

15.  Pritchard  quarry;  Clyde  I’ritchard.  R.  F.  D.  2,  Easton,  Pa. 

It).  Old  Belfast  (juari-y  ; llelfast  Slate  Co..  Nazareth,  Pa. 

*17.  Belfast  quarry;  Belfast  Slate  Co.,  Nazareth,  Pa. 

18.  Name  unknown. 

19.  Henry  quarry;  G.  W.  Metz,  R.  D.,  Nazareth,  Pa. 

20.  Name  unknown. 

CH ADRIAN  GROUP; 

1.  Gi  aher  quarry. 

2.  The  Welshman's  quarr.v. 

3.  Ryan  (pnirry;  E.  P.  Wilbur  Trust  Co.,  Bethlehem,  Pa. 

4.  Bethlehem  (piarry;  E.  P.  Wilbur  Trust  Co.,  Bethlehem,  Pa. 

*5.  ('ha)mian  Standard  (piarry;  Chapman  Slate  Co.,  Myers  Bldg.,  Betidehem, 
Pa. 

*6.  Chapman  fpiairy  (two  openings);  Chaiimaii  Slate  Co.,  Myers  Bldg., 
Bi'thlehem.  I’a. 

7.  Keystone  (piarry;  Keystone  Slate  Co.,  511  Bullitt  Bldg.,  Philadelphia,  Pa. 

8.  Name  unknown. 

9.  Wagner  quarry. 

10.  Fisher  No,  2 quarry. 

II.  Fisher  No.  1 (piarry. 

12.  Lilly  No.  1 quarry. 

13.  Ihlly  No.  2 (piarry. 

14.  Fisher  No.  3 (uiarry. 

15.  Name  unknown. 

10.  IMauch  Chunk  (piairy. 

17.  Chaiunan  Superior  quarry. 

18 . Ed  Smith  quarry. 

19.  Hagenhiisch  quarry;  Clinton  Hagenbusch,  Nazareth,  Pa. 

20.  Turner  quarry. 

21.  Reading  (jiiarry. 

22  Magee  quarry  ; Clarence  Wolle,  Bethlehem,  Pa. 
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23.  Rippon  & Wolle  quarry:  Clarence  AVolle,  ReHileliem,  I’a. 

24  Seliles'el  quarry;  Wm.  Schlegel,  R.  i\  I).  2.  Ilatli.  I’a. 

25.  Steckel  No.  1 quarry. 

2G.  Steckel  No.  2 ijuarry. 

27.  Dick  (piarry. 

28.  Name  unknown. 

20.  Rliymer  (|uarry. 

30.  Name  unknown. 

31.  Roth  (luarry. 

32.  Aelienliach  quarry:  Dexter  Cement  Co..  Nazareth.  I’a.  (?) 

33.  I'leischman  (|Uarry  ; Dexter  Cement  Co..  Nazaretli.  I’a.  (?) 

34.  Daniels  (piarry;  Dexter  Cement  Co.,  Nazareth.  I’a. 

35.  Rader  quarry:  .Toe  Rader.  R.  D..  Nazareth.  Pa. 

3().  Roon  quarry:  Edward  Roon,  R.  D.  1,  Nazaieth.  I’a. 

.37.  Ilayer  (piarry:  Israel  Ilayer,  Ileektown.  I’a. 

38.  Name  unknown. 

SEEMS VILRE  GROUP: 

1.  Koch  quarry. 

2.  Name  unknown. 

.3.  Ziegenfuss  (piarry;  Mrs.  Ziegenfuss,  R.  D..  Rath.  Pa. 

4.  Name  unknown. 

5.  Name  unknown. 

Miller  quarry. 

7.  5Iiller  quarry  No.  2. 

Operating  quarries  either  sell  their  slate  directly  or  distribute  it 
through  a selling  firm.  A list  of  the  types  of  slate  products  yielded 
is  given  under  the  description  of  each  quarry. 

In  addition  to  those  quarries  and  companies  which  now  produce  or 
have  in  the  past  produced  some  variety  of  slate  products,  there  yvere 
also  obtained  the  following  names  of  companies  in  this  district  whicJi 
act  as  distributors,  selling  but  not  quarrying;  these  concerns  may  co- 
operate more  or  less  intimately  with  special  quarrying  companies. 

Rangor  Struclural  Slate  Co.,  Rangor.  Pa.  Seller.?  of  blackboard  slate,  elec- 
trical .slate,  roofing  slate,  and  slate  for  structural  and  sanitary  purposes. 

Rutler  Eros.  Co..  Pen  Argyl,  Pa.  Makers  of  marbleized  slate. 

Griffin  Rros..  Rangor.  Pa.  Makers  of  school  slate. 

Natural  Slate  Rlacklmard  Co..  I’en  Argyl.  I’a.  Sellers  of  slate  blackboards. 

Structural  Slate  Company.  I’en  Argyl.  Pa.  Sellers  of  electrical  slate  and  of 

slate  for  structural  and  sanitary  puiqioses. 

Vendor  Slate  Co.,  Drake  Rldg.,  Easton,  Pa.  Sellers  of  roofing  slate. 

In  the  following  descriptions  of  quarries,  the  numerals  appearing 
with  the  quarry  names  are  the  same  as  those  given  in  the  quarry  list 
above  and  on  the  geologic  map,  Plate  II.  The  quarries  are  discussed 
in  the  order  in  which  they  are  listed  above. 

SOET  SEATE  QUARRIES 
Slateford  Group 
SUMMARY 

The  quarries  of  this  group  are  all  ivithin  a mile  of  Slateford  and 
would,  when  operating,  obtain  their  supplies  and  ship  tlieir  })ro  iucts 
from  Slateford.  They  are  opening  wliolly  in  the  soft  belt,  that  is,  tlie 
slate  is  soft  to  the  chisel,  has  well  developed  cleavage,  and  is  dis- 
tinguished by  the  greater  distance  which  separates  the  “ribbons,”  or, 
to  put  in  another  ivay,  by  the  width  of  the  individual  beds. 
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The  sequence  of  the  subdivisions  of  the  Martinsburg,  as  already  ex- 
])lained,  is,  in  the  order  of  superposition,  the  oldest  lieds  below ; 

Pen  Argyl  beds 
Bangor  beds 
Middle,  sandy  member 
Lower,  hard  slate  member 

Within  tlie  Bangor  and  Pen  Argyl  beds  themselves,  the  quarrymen 
have  designated  several  individually  recognizable  and  generally  ex- 
ce]Mionally  thick  strata.  These  have  already  been  described  in  this 
report  under  the  section  dealing  with  the  economic  geology  of  the 
slate.  The  reader  should  refer  to  tliat  section  for  the  .sequence  of  the 
various  big  beds  and  “runs”  (pages  105,  106). 

The  northern  edge  of  the  middle,  sandstone  member  of  the  i\Iartins- 
burg  formation  appears  in  the  bottom  of  Slateford  Creek,  east  of 
Williams  quarry  and  on  the  hillside  to  the  south,  a few  hundred  feet 
fast  of  the  Frye  quarry.  It  is  clear,  therefore,  that  the  Frye  quarry 
is  in  the  Grand  Central  “run”,  and  it  is  highly  probable  that  the 
Williams  and  Snowdon  (piarries  are  higher  in  the  Bangor  beds.  Quarry 
I\  umber  1 in  this  group  and  the  Washington  Brown  quarry  are  more 
probably  in  the  Pen  Argyl  beds,  since  it  would  seem  that  a considerable 
thickness  of  slate  lies  between  these  and  the  holes  first  mentioned;  fur- 
ther, Avhere  the  old  road  from  the  Snowdon  quarry  crosses  the  west 
'orancli  of  Slateford  Creek  three-tenths  of  a mile  west  of  Williams 
quarry,  heavy  sandy  beds  show  in  the  creek  bottom,  strongly  suggesting 
the  sandy  layers  at  the  top  of  the  Bangor  beds. 

In  the  quarries  of  this  group,  the  dip  of  the  beds  is  generally  gentle; 
the  cleavage  has  a fairly  uniform  strike,  which  is  generally  north- 
east, but  in  ])laces  in  the  northern  openings  the  cleavage  planes 
dip  north.  The  grain  is  imiforndy  northwesterly  in  trend.  Jointing 
was  not  studied  Avith  care  here.  Faulting  is  conspicuous,  having 
been  described  in  both  the  SnoAvdon  and  Williams  quarries. 

The  products  included  roofing  slate,  blackboards,  electrical  slate, 
and  sanitary  and  structural  materials.  All  of  the  quarries  here  are 
abandoned. 

The  numbers  giA'en  Avith  the  quarry  names  beloAA'  corres])ond  to 
those  on  the  quarry  location  maji ; reference  to  this  map  A\  ill  locate 
the  quarry  in  question. 

1.  QUARRY 

Location  and  dimensions. — This  is  a .small  rectangular  opening 
measuring  about  40  feet  in  a northeast  direction  by  80  feet  in  a 
nortliAvest  direction ; it  sIioaa-s  20  feet  of  slate  aboAT  the  Avater  leA’el. 
The  hole  lies  Avest  of  and  about  100  feet  aboAT  the  DelaAvare  AVater 
Gap  higliAvay,  immediately  behind  a house.  Only  a small  dump 
is  Au.sible. 
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Geology. — The  beds  strike  X.  45°  E.  and  dip  from  ‘22°  to  47°  X"., 
flattening’  nortlnvard.  The  cleavage  strikes  X.  45°  E.  and  dii>s  10- 
25°  X”.,  also  flattening  northward.  Tlie  beds  are  from  three  to  six 
inches  thick;  a tew  are  two  inches  thick  and  so  sandy  as  to  show  no 
slaty  cleavage.  A few  fractures  were  observed  dipping  two  or  three 
degrees  more  steeply  than  the  cleavage  and  in  the  same  direction. 

History  and  development. — The  quarry  has  long  been  abandoned 
and  is  now  full  of  water.  X"othing  is  known  of  its  history,  but  it 
appears  not  to  have  been  worked  for  at  least  thirty  years. 

2.  WASIIINGTOX  BROWN  QT  AURY 

Loeutio)i  (Did  di)nensions. — This  is  an  old  quarry  near  an  isolated 
farm  house  which  overlooks  Delaware  Kiver  and  is  situated  on  the 
plain  at  the  foot  of  the  talus  slope  of  Dlue  Mountain.  It  measures 
125  feet  in  a northwesterly  direction  by  50  feet  toward  the  north- 
ea.st  and  is  roughly  rectangular.  Its  walls  rise  oidy  about  three  feet 
above  the  water  with  which  the  hole  is  now  filled.  Its  depth  must  be 
at  least  100  feet,  judging  by  the  size  of  the  dump. 

Geology. — The  beds  strike  X”.  42°  E.,  dipping  21°  X’^W.  The  slate 
appears  to  be  of  fair  quality,  not  heavily  ribboned,  but  there  are 
some  sandy  beds.  The  material  on  the  dump  shows  considerable 
rusting,  but  an  absence  of  heavy  jointing  and  little  indication  of 
quartz  or  calcite  stringers.  The  cleavage  strikes  Xh  25°  5Y.  and  dips 
18°  SW. 

History. — This  is  probably  the  quarry  described  by  K.  II.  Sanders®® 
and  examined  by  him  at  some  time  between  1874  and  1878.  That 
investigator  .said  that  the  quarry  had  just  been  opened  at  the  time 
of  his  visit. 

:t.  WILLIAMS  (qrARKY 

Location  and  dimensions. — This  qnarry  is  in  the  Audley  of  Slate- 
ford  Creek  about  half  a mile  from  its  mouth.  It  is  an  amphitheater, 
whose  sides  are  formed  by  the  valley  walls.  Sixty  feet  of  slate  are 
exposed  on  the  creek’s  southwest  wall.  The  opening  measures  180 
by  150  feet. 

Geology. — At  the  south  end  of  the  cut  the  bedding  strikes  X".  50° 
E..  dips  20°  XAV. ; in  the  north  end  it  strikes  Xh  50°  W.  and  ilips 
20°  SW.  The  cleavage  has  a strike  of  X.  60°  E.,  and  dips  20-25°  S. 
It  aiipears.  therefore,  that  both  ends  of  the  cnt  are  on  the  under  limb 
of  a fold  the  axial  plane  of  which  dips  gently  southward;  at  the 
southern  end  of  the  opening  the  di]>  is  north,  as  this  hypothesis 
would  require,  wliile  at  the  northern  end,  pre])aring  for  a rise  over 
the  axial  jdane  of  the  complementary  fold  below,  a southward  dip 
ai^pears. 


Sanders,  E.  H.:  Geoloiy  of  T.eliigli  and  Xortliampton  Counties;  Second  Geol  Survey  rennsvl- 
vania,  D^,  vol.  I,  p.  86,  1883. 
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A set  of  small,  rather  inconspicuous,  calcite-fillecl  joints  strikes 
N.  70°  E.  and  clips  36°  SE.,  just  under  a calcite-filled  fault,  which 
appears  on  the  south  Avail  of  the  ciuarry  near  the  creek  level,  strik- 
ing N.  20°  E.  and  dipping  16°  NW.  A small  calcareous  seam  parallel 
to  the  bedding  shoAvs  the  same  minute  crumpling  and  faulting  al- 
I’eady  described  as  common  in  these  calcareous  stringers  (p.  68). 

History  and  development. — This  cjuarry  was  described  by  Eogers’^®® 
as  being  operated  in  1858  by  the  Pennsylvania  Slate  Company.  It 
was  first  oiiened  in  1832  by  Sam  Taylor,  then  came  into  the  hands 
of  John  Williams  in  1850,  and  is  at  present  on  the  property  of  Frank 
Williams  of  Slateford.  It  is  not  noAv  being  Avorked. 

4.  SNOAVDON  QUARRY 

Location  and  dimensions. — This  cpiarry  is  immediately  Avest  of  an 
old  road  that  runs  parallel  Avitli  Slateford  Creek,  six-tenths  of  a mile 
Avest  and  slightly  south  of  the  town  of  Slateford.  It  is  350  feet 
long  in  a northeasterly  direction  and  200  feet  wide  and  is  virtually 
rectauffular.  It  is  noAV  filled  AAuth  water  to  Avithin  30  feet  of  the  top. 
A large  dump  is  present. 

Geology. — At  the  southeastern  edge,  the  beds  appear  to  dip  gently 
toAvard  the  south,  probably  not  oati*  15°  ; at  the  nortliAvestern  side 
they  seem  to  steepen  so  as  to  dip  as  much  as  60°,  but  as  the  sides  were 
not  accessible  and  the  bedding  indistinct  these  observations  are  poor. 
They  fit,  however,  with  the  conception  developed  for  Williams  quari^ 
(see  above),  for  the  beds  here  would  then  be  the  upper  limb  of  a fold 
complementary  to  and  above  that  whose  lower  limb  is  seen  in  Williams 
C[icarry.  The  strike  of  the  bedding  is  parallel  to  that  of  the  cleaAmge. 
The  cleaAmge  is  A'ery  uniformly  N.  45°  E.  and  dips  28°  SW.  The 
slate,  though  rather  heavily  ribboned,  is  soft  and  apparently  easily 


Figure  29.  Sketch  of  small  fault;  entire  fault  trace  is  16  inches  long.  From 
dump  of  Snowdon  quarry. 


Rogers,  H.  D.  : Geology  of  Pennsylvania;  vol.  I,  p.  248,  1858. 
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sawed.  It  bears  some  calcite  and  quartz  on  its  joint  faces  and  a iiille 
pyrite  occurs  ivith  the  calcite. 

In  his  description  of  this  qnarry,  Sanders'®^  mentions  a fault,  hut 
this  could  not  be  seen.  However,  small-scale  faulting  was  obseiwed  in 
some  of  the  blocks  on  tlie  dump.  (See  Figure  29.) 

History  and  development. — This  quarry  is  said  to  have  been  opened 
in  1870.  It  was  then  owned  by  H.  P.  Jones.  Later  it  was  purchased 
by  R.  S.  Brown.  It  is  now  a portion  of  the  R.  S.  Brown  estate.  Opera- 
tions Avere  discontinued  about  ten  years  ago. 

The  quarry  property  .still  bears  a mill,  with  remnants  of  a large  en- 
gine, four  A'ertical  slate  saws,  a buffer,  and  other  equipment.  Two 
cables,  one  fitted  ivith  a pulley  frame,  are  yet  in  eifidence. 

5.  FRYE  QUARRY 

Location  and  dimensions. — This  quarry  lies  southeast  of  a road 
that  leads  sontliAve,stAvar(l  from  Slateford.  It  is  about  three  tenths  of  a 
mile  from  the  town.  The  opening  is  an  elongated  cut  trending  210 
feet  in  a northeasterly  direction,  with  a maximum  width  of  85  feet. 
Its  greatest  depth  below  the  surface  is  twenty  feet.  There  is  no  water 
in  the  bottom.  A rather  small  dump  lies  adjacent  to  the  quarry  and 
some  Avaste  slate  is  to  be  seen  across  the  road. 

Geology. — The  beds  are  generally  indistinct,  but,  taking  the  quarry 
as  a Avhole,  appear  to  strike  N.  32°  E.,  virtually  horizontal,  the  beds 
dipping  2°  W.  in  one  place  and  3°  E.  in  another.  The  cleavage  has 
a strike  like  that  of  the  beds,  but  dips  35°  SE.,  AA’hich  fits  in  AA'ith  the 
conce])tion  that  the  beds  here  are  slightly  loAA’er  than  those  exposed  in 
the  SnoAvdon  and  Williams  quarries  but  are  in  about  the  same  ])osi- 
tion  structurally  as  the  SnoAA'don  qnarry  beds.  i.  e.,  on  the  upper  limb 
of  an  anticline  so  far  overturned  to  the  north  as  to  give  it  a nearly 
flat  axial  plane  dipping  gently  south  (see  structure  sections). 

The  slate  is  cut  by  occasional  joints  roughly  parallel  to  the  strike 
of  the  cleaA'age,  and  dipping  steeply  southeast ; these  are  calcite  fllled. 

The  slate  is  of  poor  quality.  There  are  some  beds  1^  feet  thick,  but 
these  are  rare  and  the  material  is  faintly  sandy.  There  is  considerable 
rusting. 

No  OA^erburden  is  visible  except  1^2  feet  of  weathered  slate. 

History  and  development . — This  quarry  Avas  Avorked  before  about 
1875  and  Sanders’^'-  found  it  abandoned.  Mr.  Frank  Williams  of  Slate- 
ford  states  that  it  was  owned  and  operated  at  one  time  by  the 
Scranton  Iron  Company,  but  neA^er  yielded  much  slate.  No  machinery 
remains. 


Sanders,  R.  TI.:  Op.  cit.,  p.  89. 
Sanders,  R.  H.;  Op.  cit.,  p.  89. 
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B;iiig'or  Group 
SUMMARY 

The  Bangor  group  quarries  are  mostly  close  to  the  town  of  Bangor 
All  of  them  secure  the  major  part  of  their  supplies  from  Bangor ; 
it  is  their  shipping  point,  and  the  men  employed  are  mainly  resi- 
dents of  Bangor  and  East  Bangor.  True,  the  Neiv  York  quarry, 
which  is  the  farthest  out,  lies  about  three  miles  by  road  from  the  city. 
Yet  the  greater  part  of  the  openings  included  in  this  group  are  not 
more  than  half  a mile  from  Bangor  or  East  Bangor  post  offices  and 
lie  on  either  side  of  tlie  State  highway  connecting  these  two  towns. 

The  quarries  of  the  Bangor  group  are,  like  those  at  Slateford,  in 
the  soft  belt.  The  sequence  of  the  minor  divisions  of  the  Martinsburg 
formation  has  been  described  in  treating  of  the  Slateford  quarries 
and  on  pages  105,  106.  The  big  beds  mentionetl  in  that  descrip- 
tion may  be  identified  in  the  cpiarries  of  the  Bangor  group  and  were 
first  named  in  them.  At  Johnsonville,  41/5  miles  northeast  of  Bangor 
(see  Plate  II),  there  is  a narrow  strip  of  the  liard  slate,  followed  to 
the  north  by  a section  almost  a mile  wide  underlain  by  the  middle, 
sandy  member  of  the  Martinsburg  formation.  North  of  the  sandy 
member  is  soft  slate,  succeeded  by  a belt  of  rock  more  sandy  than 
the  normal  soft  slates.  This  sandy  belt  marks  the  northern  limit  of 
the  Bangor  beds.  It  is  traced  westward  toward  Bangor  with  difficulty, 
so  that  the  northern  edge  of  the  Bangor  beds  is  not  generally  identi- 
fiable in  the  field  and  a doid^t  consequently  exists  as  to  the  location 
of  the  line  between  the  Bangor  and  Pen  Argyl  beds.  South  of  and 
stratigraphically  lower  than  the  sandy  slate  near  the  top  of  the 
Bangor  beds,  hoAvever,  are  almost  all  the  quarries  of  the  Bangor  group. 
The  exceptions  are  the  New  York,  Hoboken,  and  Northampton  quarries, 
which  appear  to  be  too  far  north  of  the  lower  part  of  the  Bangor 
beds  to  be  included  in  that  member  of  the  (Martinsburg  formation. 
Although  absolute  correlation  is  lacking  for  these  three  quarries,  it 
appears  probable  that  they  occupy  a stratigra]>hic  position  some- 
where immediately  above  or  below  the  Albion  “run”  in  the  Pen 
Argyl  beds. 

The  quarries  of  the  Bangor  groiqi  lie  on  folds  of  which  the  limbs 
are  generally  closely  a]/])osed  and  the  axial  planes  almost  horizontal. 
Consequently  it  is  not  rarely  the  case  thaf  an  opening,  beginning  at 
the  surface  in  beds  dipping  southward  at  low  angles  will,  as  greater 
depth  is  acquired,  traverse  the  same  beds  but  in  the  inverse  order 
and  dipping  north.  The  change  in  the  angle  of  dip  Avill  thus  rapidly 
alter  the  Avidth  of  outcrop  of  the  beds.  To  this  may  be  added,  as 
another  factor  in  the  production  of  irregularity  in  Avidth  of  outcrop, 
the  topographic  effect;  for  the  relief,  or  difference  in  altitude  betAA’een 
the  hills  and  A’alleys,  is  far  greater  at  Bangor  than  elscAAdiere  in  the 
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soft  belt  and  its  effect  in  slutting'  the  outeroi)  ot  the  Bangor  beds, 
dipping  at  gentle  angles,  is  marked.  These  features  combine  to 
necessitate  the  greatest  caution  in  foretelling  Avhat  beds  -will  be  met 
with  in  a new  quarry  opened  in  the  Bangor  region. 

The  Bangor  group  of  quarries  exposes  several  folds.  One  of  these 
is  the  Old  Bangor  syncline.  Both  limbs  of  this  structure  appear  in 
the  Old  Bangor,  Bangor  Uidon,  North  Bangor,  and  North  Bangor 
No.  d quarries.  The  lower  limb  alone  ap})ears  in  the  other  quarries 
at  Bangor  and  Ea.st  Bangor.  The  Columbia  Bangor  quarry  shows, 
ill  addition  a small  .syneline  immediately  below  this  lower  limb,  de- 
veloped apparently  as  a drag  fold,  so  that  the  lower  limb  of  the  Old 
Bangor  syncline,  as  seen  in  the  New  Bangor  quarry  is  virtually  con- 
tinuous with  that  in  the  Bangor  Central  opening. 

Another  small  syncline,  but  in  this  case  Avith  the  limbs  esjiecially 
closely  a])iiosed.  is  to  be  seen  in  the  Ne^v  Peerless  (Bangor  Vein) 
quarry. 

These  folds  appear  to  be  parts  of  a large  .structure,  a syncline 
who.se  axis  lies  Avell  north  of  the  town  of  Bangor.  The  syncline  thus 
defined  has  a ])itch  that  is  AvestAvard,  the  axis  emerging  at  the  Shinier, 
Consolidated  No.  3,  and  (Mountain  VicAV  (piarries.  This  fold  may, 
in  turn  be  only  a larger  drag  fold  on  a still  larger  .synclinal  unit, 
but  evidence  for  such  an  interpretation  is  still  lacking  as  the  beds 
are  covered  nortlnvard  by  younger  formations. 

Very  probably  the  beds  in  the  Hoboken  and  NeAV  York  quarries 
are  similarly  ])arts  of  a syncline,  the  axis  of  AA'hich  is  emerging,  as 
the  strikes  are  almost  due  north  and  the  dips  gentle  and  AvestAA’ard. 

The  dip  of  the  beds  in  the  (juarries  of  the  Bangor  group  is  gentle 
and  the  structures  either  strike  northea.st  (more  commonly)  or  north- 
Avard  (if  the  o])cning  lies  close  to  an  emerging  axis).  The  cleaA'age 
planes  generally  strike  northeast,  roughly  paralleling  the  bedding 

planes,  but  A\hei'e  axes  emerge  the  strikes  of  cleavage  and  bedding 

intersect.  The  graiji  is  uniformly  nortliAvesterly  in  trcTid. 

Jointing  Avas  studied  in  detail  in  this  group  of  quarries.  All  joints 
of  thii'teen  of  these  (piarries  have  been  mapjied  in  detail  in  azimuth 
circles.  In  a fcAV  (piarries  the  joints  radiate  so  as  to  fall  in  all  points  of 
the  compass  and  generalizations  in  these  instances  become  impossi- 
ble; such  quarries  are  ahA'ays  located  on  the  ends  of  ]iitehing  troughs 
or  on  minor  folds  Avhose  axes  lie  tran.sverse  to  the  strikes  of  the 
larger  structural  features.  Tn  mo.st  other  cases  generalizations  in 
regard  to  joint  strikes  are  difficult  to  frame.  Taa'o  ty]ies  of  joint 
patterns  may  be  recognized.  Tn  om*  the  strikes  of  the  greater 

number  of  joints  form  small  angles  on  either  side  of  the  bedding- 

strike  ; since  the  beds  generally  strike  northeast,  the  joint  strikes 
form  an  obtuse  angle  toAvard  the  southeast;  this  pattern  is  Avell  illus- 
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PLATE  XVI 1 


P>(1,  l)0(l(ling:  Cl.  cleavage:  mmierals  indicate  angle  and  direction  of  dip. 

A.  .Jackson  Bangor  No.  5.  P>.  .Tackson  Bangor  No.  6.  C.  Hercules.  D.  North- 
ampton.  E.  New  Peerless.  F.  New  York. 
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trated  in  tlie  Columbia  Ilangor,  New  Bangor,  and  Xortli  Bangor 
quarries.  The  second  type  is  exemplified  by  the  Bangor  Union  and 
Northampton  quarries.  In  these  eases,  the  intersections  oi‘  the  joints 
form  acute  angles  toward  the  southeast.  Intermediate  are  sucli  pat- 
terns as  those  of  the  Bangor  Central  and  North  Bangor  No.  3 quai-ries. 
In  general  it  seems,  thus,  that  the  strikes  of  joints  nearly  parallel 
the  bedding  strike  or  are  almost  if  not  quite,  at  right  angles  to  it. 
This  general  correlation  suggests  that  the  joints  owe  their  origin  to 
the  same  thrusts  to  Avhich  the  folds  are  attributable.  However,  the 
occasional  turning  of  cleavage  at  joints,  their  calcite  or  quartz  fill- 
ing, and  the  relations  of  some  joint  systems  to  bedding-slip  faults 
that  are  clearly  later  than  the  folding  of  the  slate,  — these  and  other 
considerations  compel  recognition  of  the  fact  that  jointing  is  generally 
of  later  date  than  the  folding  of  the  slate.  The  apparent  relation 
between  the  joint  patterns  and  the  folding  is  perhaps  best  explained 
by  the  similarity  in  the  direction  of  the  two  separate  thrusts  Avliich 
produced  the  folds  at  one  time  and  the  joints  later. 

The  products  of  the  quarries  of  the  Bangor  group  are  varied.  They 
include  roofing  slate,  structural  slate,  blackboards,  electrical  slate, 
slate  for  “marbleizing,  ” school  slate,  and  crushed  and  pulverized 
slate.  The  outstanding  product  of  the  quarries  of  the  Bangor  group 
is  roofing  slate.  Structural  slate  is  of  some  importance,  and  electrical 
slate  and  blackboards  less  so,  but  most  of  the  ti’ade  of  all  quarries  ex- 
cepting the  New  York  and  Northampton  is  in  roofing  slate. 

Tlie  number  of  0]>erating  quarries  is  twelve.  This  district  vies  Avith 
that  surrounding  the  tOAvn  of  Ben  Argyl  for  position  as  the  leading 
slate  region  in  Lehigh  and  Northampton  counties. 

As  in  the  case  of  the  quarry  descriptions  for  the  Slateford  group, 
the  number  appearing  before  the  name  of  a quarry  corresponds  to 
fhat  given  on  the  qiiarry  location  map.  The  exact  location  of  any 
quarry  can  thus  be  obtained  Avith  facility. 

1.  XEAV  YORK  QUARRY 

Location  and  dimensions. — This  quarry  lies  approximately  2.8  miles 
north  and  about  5 miles  east  of  the  city  of  Baugor;  it  is  Ihree-tenths 
of  a mile  nortliAA^est  of  North  Bangor  station  on  the  Lehigh  and  NeA\^ 
England  Railroad.  Its  dump  is  a conspicuous  landmark. 

The  opening  at  the  surface  is  roughly  280  feet  long  on  a bearing 
running  N.  60°  W.  The  maximnm  depth  is  BIO  feet;  there  is  only  a 
small  amount  of  Avater  at  the  bottom.  The  Avork  is  confined  to  one  level. 

Geology. — This  quarry  sIioavs  beds  di])])ing  nortliAA-est  at  mo  lerate 
to  gentle  angles.  At  the  surface  along  the  south  end  the  dip  is  30°, 
AA’ith  a flattening  to  22°  toAvard  the  noi'th.  In  the  l.ottom  of  the  ({narry 
the  dips  are  19-25°.  A remarkable  feature  is  the  unusual  strike  of  the 
beds,  Avhich  bears  almost  due  north.  This  feature  corresponds  to  a 


334 


8LATE  IX  NORTHAMPTON  COUNTY 


more  northerly  strike  also  at  the  Hoboken  qna.rry.  Taken  by  and 
large  this  suggests  that  the  New  York  (inarry  is  opened  along  the  axis 
of  a westward  plnnging  fold.  If  the  Bangor  Vein  quarry  is  in  beds 
of  the  North  Bangor  No.  3 “rnn”,  it  seems  quite  probable  that  the 
beds  of  the  New  York  quarry  are  somewhere  above  the  Albion  “run” 
of  the  Pen  Argyl  beds.  Without  measuring,  confirmation  is  lacking. 

At  the  surface  the  cleavage  could  not  he  measured,  but  on  the 
working  level  it  trended  generally  N.  bO-7U°  E.,  and  dipped  from 
23-34°  S.  The  grain  strikes  N.  48°  AY.  The  (juarry  has  one  very 
regular  system  of  .joints  which  strike  N.  20-35°  E.  and  dip  from  60° 
to  90°  N.  Small  .joints,  apparently  associated  with  slippage  (see 
below)  are  seen  in  the  east  corner  and  strike  generall.v  due  east,  with 
soutlnvard  dip.  A single  very  prominent  N.  36°  E.  joint  carries  on 
from  the  working  level  all  the  way  to  the  surface,  dipping  45°  S. 
(See  Plate  XVII,  F). 

Near  the  middle  of  the  quarry  two  calcareous  beds,  al)Out  4 feet 
apart  in  actual  thickness,  show  heavy  imdlioning  on  the  face  of  each; 
the  striae  trend  N.  40°  W.  The  heavy  “rolls”  developed  by  the  move- 
ment have  their  steeper  sides  toward  the  north ; hence  it  is  clear  that 
the  top  l)eds  have  moved  up,  the  h)wer  beds  down,  along  this  bedding 
plane,  Avhich  has  served  as  a plane  of  movement.  The  lower  calcareous 
bed  is  cut  by  the  southwest  quarry  wall,  and  clearly  show’s  slice-like 
fracturing ; each  section  or  slice  has,  at  its  south  end.  been  pushed 
up  over  its  neighboring  slice  to  the  south.  Nevertheless,  the  slate 
beds  immediately  above  and  behnv  show’  no  distortion  except  for  a 
slight  steepening  in  the  angle  at  which  the  cleavage  intersects  theml 
(see  Plate  VIII,  A).  This  suggests  that  there  has  been  relatively  little 
movement  since  the  cleavage  was  formed.  However,  just  above  the 
upper  calcareous  bed  are  stringers  of  quartz  and  calcite  dipping 
obliquely  southwest ; these  show  that  some  movement  has  taken  place 
either  during  or  sul)sequent  to  the  develoinnent  of  cleavage,  a move- 
ment not  taken  up  in  the  grow’th  of  the  sericite  flakes  and  therefore 
occurring  not  earlier  than  the  later  stages  of  sericitization ; the  fact 
that  most  of  the  joints  stop  at  one  or  the  other  of  the  calcareous  beds 
mentioned,  supports  the  same  conclusion.  In  short,  it  is  evident  that 
there  have  been  two  periods  of  movement,  one  in  wdiieh  the  calcareous 
beds  w’ere  folded  and  fractured  and  the  clayey  material  (wdiieh  today 
is  slate)  simply  flowed  around  them;  the  second  in  wdiieh  the  clayey 
material,  having  been  converted  into  brittle  mica,  was  pulled  apart 
by  internal  stresses  and  developed  joints  and  quartz-calcite-filled 
fractures. 

These  twm  calcareous  beds  are  good  examples  of  the  “loose  ribbons” 
so  often  met  wdth  in  the  soft  belt  quarries. 

Only  one  big  bed,  w’hich  is  about  6 feet  long  along  the  “split” 
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(cleavage)  was  seen;  this  lias,  at  the  south  a “liard  roll”  (sandy 
layer)  which  measures  18  inches  along  the  “split.” 

It  is  thought  that  the  movement  iieianitted  along  the  calcareous  l.eds 
mentioned  above  served  to  relieve  the  strain,  and  that  .iointing  should 
be  relatively  negligible  below  the  lower  of  the  tAVO  beds.  This  should 
enhance  the  A-alue  of  the  quarry. 

llifitorii  aii(l  (levdopmn)f. — This  ijuarry  was  opeiu'd  in  aboiit  188d 
liy  Solomon  Flory.  It  was  sold,  after  a short  period  of  operation, 
to  II.  R.  Brooks  of  Brooklyn,  N.  Y.,  avIio  continued  work  until  about 
1895  Avhen  he  leased  the  pi-operty  to  David  Stoddard  and  John  Bennett. 
Stoddard  and  Bennett  (piarried  slate  for  live  years;  the  h*ase  was  then 
transferred  to  X.  A.  Litchfield  and  5Vm.  II.  Kirtland,  who  operatial 
the  quarry  until  1909.  Operations  were  stop]>ed  in  that  year,  hut  in 
1911  the  ]U'0]ierty  was  ])nrchased  by  Thus.  Bolger  of  Bangor,  then 
OAvner  of  the  AYoodle,A'  Slate  Company.  After  incorporation,  the 
company  ac<piired  the  title  to  the  lU'ojierty ; the  controlling  interest 
is  held  by  Thomas  Bolger  and  Janies  II.  Bolger.  Its  A'alue  in  issued 
shares  is  .+60,000. 

At  present  a Avell  furnished  mill  is  operating  on  the  jiroperty.  The 
equipment  consists  of  fiA'e  saAvs,  four  ])laners,  two  rubbing  beds,  a 
carborundum  A\dieel,  a drill  ]iress,  and  a Yermont-type  luift'er.  Three 
cables  are  throAvn  across  the  quarry. 

All  t.v]ies  of  slate  products  have  been  made  here  in  the  past,  hut  at 
present  the  ,A'ield  is  confined  to  milled  stock,  including  electrical  slate 
and  structural  and  sanitaiw  material. 

2.  HOROKEX  (iUARKY 

Loc(itio))  and  d nnensio)i.<! — The  Hoboken  quarry  is  about  tAvo  miles 
north  of  Bangor,  and  about  three-tenths  of  a mile  nortliAvest  of 
Martins  Creek.  It  is  Avithin  900  feet  of  the  Lehigh  and  XeAV  England 
Railroad  and  about  three  ipiarters  of  a mile  Avest  of  Xorth  Bangor 
station. 

The  opening  measures  135  feet  in  a direction  about  due  north  by 
100  feet  along  a Xb  70°  AY.  bearing.  AYater  fills  the  quarry  to  Avithin 
15  feet  of  the  surface,  but  the  size  of  the  dumj)  sugge.sts  that  the 
quarry  is  60  feet  deejn 

(leoJogij. — The  slate  has  an  OA'erhurden  of  six  feet  of  glacial  boulders 
and  rminded  gravel.  In  the  nortlieast  corner  the  beds  strike  X.  125°  E. 
and  dip  17°  XAA^. ; in  the  southeast  corner  the  strike  SAvings  more 
easterly,  being  here  X".  35°  E.,  Avith  a dip  of  120°  X\Y.  If  ajA])cars 
that  these  beds  are  on  the  under  limb  of  a .syncline  overturned  to  the 
north.  In  Avhat  luirt  of  the  Pen  Ai-gyl  beds  the.v  lie  is  iincertain ; 
it  seems  probable  that  they  are  slightly  higher  than  the  strata  quarried 
at  the  XeAV  York  quarr.v ; they  ma,v,  hoAvc'ver,  he  about  the  same  beds, 
here  trending  more  nearly  in  their  normal  direction.  One  large  bed 
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shows  on  the  eastern  side  of  the  qnarry,  aliont  3^2  feet  thick.  The 
cleavage  strikes  generally  N.  65°  E.  and  dips  40°  SE.  Grain  trends 
N.  45°  AV.  and  is  constantly  vertical. 

Only  one  conspicnons  joint  was  seen;  this  strikes  N.  10°  AA".,  and 
dips  70°  NE. 

History  and  develoj)ment . — The  cpiarry  is  said  to  be  the  property 
of  klr.  J.  F.  Honck  of  Strondshnrg,  Pa.,  bnt  no  information  in  regard 
to  its  earlier  history  could  be  obtained.  It  has  evidently  not  been 
operated  in  the  last  ten  years. 

Two  cables  are  still  thrown  across  the  hole.  A long-unnsed  mill, 
apparently  once  fairly  well  equipped  with  planers,  saws,  and  one 
rubbing  l:)ed,  stands  south  of  the  qnarry.  There  are  also  the  usual 
hoist  houses.  No  shanties  were  to  be  seen,  suggesting  that  little  roof- 
ing slate  was  produced,  although  some  was  observed  on  the  dump. 

3.  STRUNK  QUARRY 

Location  and  dimensions.- — This  and  the  New  Peerless  quarry  are 
on  opposite  sides  of  the  road  leading  to  the  mill  of  the  New  Peerless 
(Bangor  Vein)  quarry.  They  are  about  2.3  miles  from  Bangor  and 
1.3  miles  due  north  from  East  Bangor.  The  two  openings  are  150 
feet  apart. 

The  Strunk  or  Peerless  cpiariy  measures  about  150  feet  northeast 
by  220  feet  northwest.  It  is  45  feet  deep  to  water  level  and  probably 
extends  about  35  feet  below  water. 

Geology. — The  slate  here  is  covered  with  3 to  12  feet  of  glacial  till. 

In  the  southeast  wall  the  beds  are  tightly  folded  and  show  minor 
crumplings  along  and  parallel  to  the  axis  of  a syncline  overturned 
toward  the  north,  whose  axial  plane  strikes  N.85°E.  and  dips  about 
13°S. ; this  axis  pitches  westward  and  shows  again  in  the  New  Peer- 
less quarry. 

The  thickening  and  thinning  of  beds  is  well  shown  in  this  fold 
(see  Plate  XVIII),  as  is  also  the  effect  of  the  emergence  of  an  axis  on 
the  direction  of  dip  of  beds ; thus  at  the  surface  in  the  western  corner, 
the  beds  are  vertical,  but  only  15  feet  below  the  surface  they  are 
horizontal ; in  the  southern  corner,  on  the  other  hand,  the  strata  dip 
15°  or  less  to  the  south  on  the  upper  limb  of  the  fold;  in  the  eastern 
corner  the  dip  is  opposite  or  20°N. 

One  big  bed  about  20  feet  below  the  surface  is  to  be  seen  in  the 
middle  of  the  southeastern  wall.  The  same  beds  are  exposed  here  as 
in  the  Peerless  quarry. 

The  cleavage  strikes  about  due  east  and  dips  15°S.  The  grain  ap- 
pears to  trend  N.35°AV.  and  is  vertical,  to  judge  by  the  quarry  walls. 

One  prominent  joint,  striking  N.48°E.  and  dipping  steeply  south, 
was  observed.  Similar  jointing  is  to  be  seen  in  the  New  Peerless 
quarry. 
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PLATE  XI  III 


A.  Southeast  wall  of  Strunk  quarry,  looking;  S.  80°  E.  from  the  southwest 
side.  Shows  folding  along  axis  of  Peerless  syiieline. 


B.  Southwest  side  of  Strunk  quarry,  as  seen  from  near  the  east  corner  of 
the  southeast  side.  Shows  the  close  syncliue  also  seen  in  A,  above. 
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History  and  development. — The  quarry  is  ou  the  Strunk  property, 
the  line  that  separates  this  from  the  Peerless  property  lieing  aiiproxi- 
inately  the  southwestern  side  of  the  quarry. 

This  opening  was  probably  first  worked  in  1890,  hut  the  quarry  has 
not  been  operated  for  a long  time,  presumably  not  since  1900. 

A single  cable  is  thrown  across  the  pit.  Xo  other  machineiw  re- 
mains. 

4.  NEW  PEERLESS  (BANGOR  VEIN)  QUARRY 

Location  and  dimensions. — The  opening  is  200  feet  west  of  the 
Strunk  quarry  (see  above).  It  measures  about  160  feet  in  a S.15°AV. 
direction  by  roughly  225  feet  in  a X.50°AV.  direction,  with  lesser 
shoulders  of  rock  jutting  into  the  quarry  near  its  southern  corner. 

The  quarry  shows  two  levels  or  “pieces”.  The  bottom  level  is  120 
feet  below  the  surface  of  the  ground.  A higher  level  in  the  western 
corner  of  the  opening  is  not  at  present  worked.  A pump  is  used  to 
keeji  the  quarry  free  from  water.  The  large  dump  is  north  of  the  hole. 

Geology. — In  opening  the  quarry  glacial  drift  was  passed  through, 
the  maximum  thickness  being  eight  feet  at  the  northea.st  side. 

The  slate  beds  in  this  quarry  are  thrown  into  a beautiful  synclinal 
fold,  having  a northward  overturn  and  an  axial  ])lane  dipping  here 
not  more  than  8°  to  the  south,  and  striking  about  X'.80°E.  This  axial 
]dane,  which  is  the  same  as  that  described  in  the  Strunk  quarry, 
seems  to  pitch  6°  toward  the  west,  as  the  synclinal  axis  appears  only 
about  15  feet  below  the  surface  in  the  southern  corner  of  the  Strunk, 
60  feet  below  the  surface  on  the  northeastern  wall  of  the  Xew  Peer- 
less and  100  feet  below  the  surface  on  its  western  wall. 

The  beds  record  this  structure  quite  clearly.  In  the  upper  level, 
about  60  feet  below  the  surface,  they  strike  X".15°E.  and  dip  a maxi- 
mum of  25°S. ; in  the  lower  level  they  strike  similarly  and  dip  a 
maximum  of  60°X’.  (.see  Plate  XIX). 

The  beds  in  which  this  quarry  are  o])ened  are  probably  the  same 
as  those  of  the  X"orth  Bangor  X"o.  3 quarry,  (popularly  known  as  the 
X^'orth  Bangor  Xo.  3 “run”.  In  the  classification  here  employed 
they  lie  a short  distance  up  in  the  upper  portion  of  the  Bangor  beds. 
This  is  the  correlation  generally  accepted  by  slate  operators,  and  as 
it  a]ipears  to  fit  in  well  ivith  the  structure  as  worked  out  in  these 
studies,  it  is  here  accepted. 

A detailed  measurement  of  the  beds  is  graphically  summarized  in 
the  columnar  sections  (Plate  XIII).  Two  very  thick  beds  are 
worked  in  the  lower  level;  both  have  a “length”  along  the  cleavage 
(“split”)  of  16  feet,  including  the  hard  south  end;  their  actual 
thicknes.ses  are  15  feet  in  the  case  of  the  upper  (more  northerly)  one 
and  16  feet,  8 inches  for  the  lower  bed.  The  upper  bed,  wuth  a hard 
roll  30  inches  thick  at  its  base,  shows  in  the  channel-cut  southeast  face 
of  the  upper  level ; the  hard  roll  is  interesting  because  it  shows  so 
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dearly  the  roughened  toj)  surface;  it  lias  already  been  described 
under  the  discussion  of  primary  structures  in  the  section  dealing  with 
the  geology  of  these  deposits  (see  Figure  d,  (').  Tliis  is  the  bed 
that  is  thought  to  be  the  eipiivalent  of  the  North  Bangor  No.  3 First 
Big  bed. 

In  this  (piarry  the  clea\age  strikes  X.80°W.  in  the  upi>er  level  and 
near  the  surface,  dijiping  18°  southward;  but  on  the  lower  piece  the 
strike  is  N.  20-47°  W.,  and  the  ilip  is  12-14°  fsW.  The  anomaly  in 
having  cleavage  strike  so  widely  varying  from  the  axial  plane  of  the 
fold  is  not  exiilicable,  unless  it  be  attributable  to  the  disturbance 
cau.sed  by  tlie  bedding-slij)  fault  mentioned  below.  As  is  usual,  the 
cleavage  cuin'es  somewhat  as  it  crosses  the  thicker  beds;  this  is  notice- 
able in  the  ^iliotograjih  of  a large  lilock  from  this  quarry  (see  Plate 
XI,  A),  The  grain  trends  X.  40-47°  dV.  and  is  vertical. 

Jointing  falls  into  two  systems.  One  of  these  has  an  average  strike 
of  about  X.80°AV.,  with  45°  dips  to  the  north;  the  second  has  steep 
dips,  within  a few  degrees  of  vertical  in  either  direction,  and  strikes 
X.  55°  W.  Joints  of  the  latter  system  are  more  common  at  the  surface, 
and  resemble  the  jointing  seen  in  the  Strunk  quarry.  A prominent 
X".83°E.  vertical  joint  forms  the  northwest  wall  of  this  level  at  the 
surface,  and  a similar  joint  forms  the  southea.st  wall  (Plate  XVII). 

The  most  striking  structural  feature  in  the  quarry  is  a bedding  slip 
fault;  this  typt*  of  structure  has  been  described  under  “Faults”,  the 
section  on  detailed  structure  (see  ]).  66).  In  the  tight  fold  already 
mentioned  as  showing  on  the  northeast  side,  the  more  southerly  beds 
have  been  far  more  closely  folded  than  those  to  the  north.  In  the 
intense  shear  between  these  two  sets  of  beds,  a portion  of  the  more 
southerly  beds  have  been  completely  sheared  off  (see  Plate  XIX).  The 
fault  zone  has  been  shattered  and  is  largly  filled  with  quartz ; a series 
of  small  joints,  striking  X^.blPE.  and  dipping  vertically  appears  im- 
mediately above  the  fault  zone;  along  it,  also,  the  cleavage  is  very 
highly  flexed.  The  faulf  disai>pears  westward,  where  the  folding  of 
the  southerly  beds  is  not  so  sharp.  From  this  it  would  seem  that 
working  westward  in  the  quarry  would  carry  the  operators  out  of 
this  undesirable  shear  zone  and  iiito  less  closely  crumpled  beds,  hav- 
ing a uniform  southerly  dij). 

Hisinrn  ami  derelopmctif. — This  quarry  is  on  the  Peerless  prop- 
erty. It  was  first  worked  by  a i)artnership  consisting  of  Jas.  (Masters, 
Wm.  Blake,  and  E.  J.  Johnson  of  Bangor,  Pa.,  having  been  opened 
about  1892.  In  1895  the  ]iartners  incorporated  under  the  name  of 
the  Bangor  Peerless  Slate  Company.  In  1911  E.  J.  Johnson  assumed 
full  control  of  the  management.  The  company  leased  the  quarry  in 
1916  to  the  Bangor  Vein  Slate  Company  Avhich  continues  to  operate, 
with  A’arious  changes  in  the  controlling  intere.st,  until  to-day. 

The  equipment  includes  a small  mill,  provided  Avith  saAVs,  planers. 
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PLATE  XTX 


A.  X'orth  half  of  nortlieast  wall.  N^ew  Peerless  (P>an,a,or  Vela)  qnaiT.v,  sliow- 
ins'  relatively  open  fold  of  beds  north  of  heddins  slip  fault.  Compare  with  E. 


K.  Sonlh  half  of  nortlnaast  wall.  New  Peerless  fpiarry.  showing  close  fold 
of  beds  sonth  of  bedding  sliji  faidt.  The  fanlt  zone  i self  is  highly  shattered  at 
A.  hut  a closely  folded  bed  shows  south  of  it. 
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rul)I)iiig  beds,  and  a Vermont  type  of  buffer.  The  bloeks  are  bandied 
by  a grapjile  .swinging  from  a boom. 

An  interesting  feature  is  the  use  of  drilling  and  broaching  in  this 
quarry.  This  method  of  quari-ying  slate  has  beeu  described  by  Bowles.’"'’ 
It  consists  in  drilling  holes  three-quarters  of  an  inch  or  one  inch  apart 
and  later  breaking  out  the  slate  between  the  holes  with  a broaching 
tool.  This  method  saves  slate,  because  it  does  not  shatter  the  rock  far 
out  from  the  drilled  hole. 

The  coni])any  makes  and  sells  millstock,  blackboards,  and  rooting 
slate.  A specialty  is  the  making  of  large  (luantities  of  small  sized 
roofing  .slate. 

5.  LITTLE  UANOOPv  QUARRY 

1, oration  and  dimension.'^. — The  opening  is  500  feet  south  of  the  Old 
Peerless  quarry,  on  the  eastern  side  of  a secondary  road  that  leads 
from  the  ridge  road  at  the  south  toward  the  Peerless  property. 

The  quarry  mea.'^ures  45  feet  s(piare,  its  sides  trending  northeast 
and  northwest.  It  is  about  28  feet  deep  to  water  level  and,  to  .pidge 
by  its  dump,  may  extend  15  feet  deeper. 

Geologii. — The  quanw  should  be  in  beds  of  the  upper  j)art  of  the 
Bangor  Union  “run”,  or  in  the  lower  part  of  the  uiiper  section  of 
the  Bangor  beds. 

The  beds  and  cleavage  are  not  clearly  separated  and  a]ipear  to  be 
about  parallel,  the  cleavage  dipping  gently  .southward.  Grain  trends 
X.35°W.  and  is  vertical.  Two  sets  of  joints  are  recognized  trending 
respectively  N.20°E.,  with  dips  of  80°XAV.,  and  X'.55°E.,  with  dips  of 
65°XAV.  These  correspond  to  two  similar  .systems  in  the  Xew  Peerless 
quarry. 

History  and  development. — This  hole,  opened  by  a iMr.  Wickett  of 
Bangor  about  15  years  ago,  is  on  the  Bangor  Peerless  property.  It 
has  not  been  worked  for  the  last  ten  years. 

A mast  still  remains  standing  with  its  cable,  and  a small  engine- 
house  is  on  the  dum]i.  A little  rather  knotty  roofing  slate  is  to  be 
seen.  One  or  two  blocks  of  slate  5V5  feet  long  show  excellent  cleavage 
surfaces. 

G.  QTTARRY 

Location  and  dimeusioiis. — This  is  a small  cut  about  250  feet  east 
of  the  intersection  of  the  ridge  road  with  the  road  leading  northwest 
from  East  Bangor.  The  iirospect  measures  45  feet  X’.40°'\V.  by  25 
f?et  X".60°E.  and  is  10  feet  deep  to  the  water  level,  but  may  be  another 
10  feet  deep  below  the  water. 

Geology. — There  is  about  l^h  feet  of  glacial  ovei’burden.  X’ear  the 
southeastern  end  one  lai’ge  bed,  about  2V-;  feet  thick,  strikes  X”.35°E. 
and  dips  20°X”.  There  are  also  several  sandy,  somewhat  calcareous 

^''^P.owles,  O.  : Tpclinical  progress  in  slate  mining':  Eng'.  & Min.  .Tonrnal-l’ress, 
vol.  117,  No.  15,  p.  e06-G07,  1021. 
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layers.  The  cleavage  is  virtually  horizontal.  The  grain  apparently 
trends  N.40°W. 

The  flat  cleavage  in  this  quarry  suggests  the  presence  of  another 
close  fold  toward  the  north. 

7.  MOT’NTATN  VIEAV  QUARRY 

Location  and  dimensions. — This  cpiarry  lies  on  the  western  flank  of 
a small  valley  about  4,000  feet  due  north  of  East  Bangor,  1,000  feet 
south  of  tlie  ridge  road,  and  1,500  feet  northeast  of  the  Consolidated 
Xo.  8 quarry.  It  measures  apjn-oximately  150  feet  X.45°W.  by  100 
feet  X.70°E.,  but  ojqmsite  sides  are  not  parallel,  so  that  the  opening 
is  irregular  in  shape.  The  maxi}num  depth  of  the  quarry  walls  is 
20  feet  to  the  water  level,  but  it  is  probably  an  additional  50  feet 
deep  below  the  water.  The  dumji,  shanties,  and  factory  remnants 
lie  to  the  south. 

Geoloyif. — The  slate  in  this  (luarry  bears  a glacial  overburden  one 
to  three  feet  thick,  consisting  of  clay  and  boulders  of  all  sorts;  some 
boulders  are  well  rounded,  others  are  facetted  and  even  striated. 

The  strike  of  the  bedding  is  X.85°W.,  Avith  a dip  of  9°  toAA’ard  the 
soutliAvest.  As  the  next  outcrops  to  the  north  of  this  quarry  shoAV 
strikes  that  are  again  northeast  and  more  nearly  normal,  it  Avould 
appear  that  this  o])ening  is  near  the  axis  of  a AA’estAA'ard  pitching 
syncline. 

A single  lai-ge  bed  about  2 feet  thick  Avith  a “hard  roll”  a foot 
in  thickness  outcro])s  10  feet  east  of  the  soutliAvestern  edge  of  the 
quarry.  The  beds  Avorked  here  Avere  i)robably  those  immediately  aboA-e 
and  beloAv  the  Gray  bed  of  the  Old  Bangor  “run”,  although  those 
exposed  at  the  surface  are  all  slightly  higher. 

The  cleavage  strikes  X.75°E.,  dip])ing  20°S. ; the  grain  trends  X”. 
45  °W. 

A series  of  joints  Avith  N.45°W.  strike,  dipping  55°X.E.,  is  promi- 
nent ; in  the  Avestern  corner  is  a ATrtical  joint  striking  X.20°E. ; on 
the  soutliAvestern  side  are  seATral  A’ertical  joints  aA-eraging  N.60°E. 
in  strike.  The  radiating  pattern  of  these  joints,  so  characteristic  of 
0]>enings  on  the  ends  of  axes  (see  also  the  description  of  the  Con- 
.solidated  Xm.  8 quarry,  and  the  joint  diagrams,  Plate  XX)  is  here 
well  shoAvn. 

Jlistorii  and  development . — Nothing  is  knoAvn  of  the  history  of  op- 
erations at  this  opening.  It  has  ])robal)ly  not  been  Avorked  in  tbe  last 
ten  years. 

One  mast  and  cable  are  yet  in  ])lace.  Engine,  boist  bouses  and 
boiler  room  are  still  standing.  Pour  shanties  are  on  the  dump.  Old, 
badly  rusted  tracks  are  also  to  be  seen. 

The  products  included  milled  material  and  roofing  slates. 
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A.  Baiisoi'  'Central.  I’>.  Consolidated  X’o.  1-Star.  C.  Con.solidated  Xo.  2. 
I).  Consolidated  Xo.  :i.  Symlads  as  in  Plate  Xl’II. 


8.  ('OXSOIADATED  XO.  3 QCARKY 

Location  and  dinien.'iions. — Ap])foximately  2, Odd  feet  iiorthwo.st  of 
the  town  of  East  Bangor,  in  tlie  direetion  of  the  ridge  road,  is  an  ir- 
regular opening,  roughly  rhonihoid  in  shape,  measuring  apiiroximately 
400  feet  in  a northeastern  direction  by  800  feet  toward  the  northwest, 
but  with  its  southeastern  side  shorter  than  its  northwestern  one.  The 
quarry  is  now  worked  on  iwo  se])arate  levels  or  “itieces",  Itotli  lying 
along  the  northwestern  side,  the  eastern  being  dO  feet  and  tlie  western 
about  40  feet  below  the  .surface.  The  deepest  part  of  the  hole,  now 
])artially  filled  with  waste,  is  along  the  southern  edge. 

The  quarry  dump  is  mainly  along  the  southeastern  side  of  the  open- 
ing, but  wa.ste  has  also  iieen  thrown  directly  into  the  abandoneil 
deeper  portions  of  the  quarry. 

Geoloyij. — In  detail  the  strike  of  the  beds  in  this  quarry  is  variable, 
extending  from  X.8°  to  2r)°AV..  Avith  dips  of  d°  to  8°^.  The  ma.ior 
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structure,  like  that  in  the  klountain  View  quarry,  is  a pitching  syn- 
cline with  a somewhat  fiat  l)Ottoni,  and  it  wonld  seem  that  this  quarry 
is  nearer  the  axis,  which  lias  a 25°  pitcli  westward.  The  Gray  bed 
lies  50  feet  below'  the  surface  along  the  northwestern  wall  of  the 
quarry.  This  show's  that  the  opening  is  in  the  upper  of  the  two 
sections  of  the  Bangor  beds.  In  the  northwest  wall  of  the  quarry  is 
the  Black  Eibhon  big  bed;  about  18  feet  beloAv  the  surface  of  the 
ground  and  on  the  floor  of  the  upper  piece  is  the  Thirteen  big  bed, 
which  here  has  a thickness  of  3 feet  and  a “length”  along  the  cleavage 
of  8 feet. 

The  cleavage  in  general  strikes  N.85°E.  and  dips  24°S. ; grain 
trends  about  N.57°AY., — wdiich  is  unusual. 

The  jointing  in  this  quarry  is  significant.  The  systems  are  numer- 
ous and  the  general  pattern  is  radial  (see  Plate  XX).  The  follow^- 
ing  is  a list  of  the  joint  strikes  and  dips  actually  observed : 


Joints  in  Consolidated  No.  3 quarry. 


Strike 

Dip 

Number 

Strike 

Dip 

Number 

N.15°E. 

Vertical 

3 

Due  E. 

35°S. 

3 

N.30°E. 

Vertical 

1 

N.60°AV. 

70°S. 

3 

N.46°E. 

86°N. 

I 

N.50°AV. 

A'ertical 

2 

N.50°E. 

A^ertical 

I 

N 22°AA^ 

AVrtical 

1 

N.65°E. 

A^ertical 

1 

X.22°AV. 

80°N. 

2 

It  follows  from  the  above  that  every  thirtj^  degrees  in  azimuth  have 
their  joint  or  set  of  joints.  Of  these,  the  joints  striking  due  east  maj'' 
well  be  compression  joints,  developed  by  the  inwmrd  pressure  towmrd 
the  axial  plane  exerted  by  the  limbs  of  the  fold. 

History  and  development. — This  quarry,  according  to  the  ow'iiers, 
was  first  opened  by  them  in  1882.  It  is  now  the  property  of  the  East 
Bangor  Consolidated  Slate  Company,  Inc.,  of  East  Bangor,  Pa.  The 
history  of  this  business  organization  is  described  in  connection  with 
the  Consolidated  No.  1 — Star  quarry. 

The  quarry  has  three  cables.  The  ow'iiers  operate  a mill  the  equip- 
ment of  which  includes  six  saws,  three  planers,  and  a rublnng  bed. 
The  machinery  is  driven  bj'  two  shafts,  the  power  being  linked  to  one 
shaft,  w'hich  then  has  a connecting  belt  to  the  other  shaft, — a common 
arrangement  in  slate  mills.  In  addition  a central  shaft  is  linked  to 
the  first  and  drives  the  ruljbing  bed  and  a rip-saAV  opposite.  The 
blocks  in  the  mill  are  handled  witli  a boom  and  grapple. 

Tw'o  shanties  were  in  use  wdien  this  quarry  was  visited. 

The  products  are  roofing  slate  and  slate  for  structural  and  sanitary 
puiq^oses. 

9.  SHIMER  QUARRY 

Location  and  dimensions. — The  quariy  lies  about  300  feet  northwest 
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of  the  Consolidated  No.  3 quarry.  It  is  300  feet  long',  175  feet  wide 
and  rouplily  rectang-nlar.  Only  25  feet  of  slate  at  most  .show  af-ove 
the  water,  but  the  quarry  is  prohaldy  75  feet  or  more  dee])  below  1he 
water  surface.  The  dump  lies  acro.ss  the  road  to  the  west. 

Geologii. — There  is  an  overburden  consisting:  of  ten  feet  of  glacial 
boulders  and  weathered  slate.  The  slate  below  this  is  inaccessible; 
hence  only  estimates  of  the  dip  and  strike  of  the  beds  could  be  made; 
these  appear  to  be  N.40°W.,  15° SW.  The  quarry  is  therefore  in  the 
same  synclinal  trough  occupied  by  the  Consolidated  No.  3 and  the 
Mountain  View  quarries,  and  operations  were  i)robably  in  much  the 
same  beds,  the  Gray  bed  having  jirobably  a depth  of  10  feet  below  the 
surface. 

Uistory  and  deveJopmevf. — This  quarry  has  l)een  idle  for  several 
years.  The  cables  are  rusted  and  the  timbering  badly  decayed.  Two 
hoist  houses  are  on  the  southea.stern  sitle  of  the  hole.  The  null  and 
the  main  dump  are  across  the  road,  Avest  of  the  quarry.  The  remnants 
of  millstoek  on  the  dump  look  promising;  no  roofing  slate  Avas  seen, 
but  some  Avas  undoubtedly  made  here. 

10.  CONSOLIDATED  NO.  2 QUARRY 

Location  and  dimensions. — The  quarry  is  500  feet  southwest  of  the 
Consolidated  No.  3 quarry  and  lies  betAveen  that  0])ening  and  the 
Consolidated  No.  1 — Star  pit.  A line  due  north  from  the  southern 
corner  of  the  opening  Avould  cut  its  northern  corner.  The  quarrj'  is 
almost  rectangular,  but  the  soutliAvestern  side  is  only  250  feet  long, 
while  the  southeastern  side  is  400  feet  long  ami  each  of  the  other  Iavo 
sides  measures  roughly  300  feet.  The  hole  is  70  feet  deep  to  the  leA'el 
of  the  Avater  Avhich  stands  in  the  deepest  part.  A large  dump  is  built 
up  along  the  southeastern  edge. 

Geology. — The  overburden  is  stripped  back  from  the  sides  of  the 
quarry.  The  beds  are  like  those  of  the  Consolidated  No.  1 — Star,  but 
the  strike  has  taken  a sudden  turn,  so  that  it  is  N.40°5V.,  Avith  a dip 
AvestAvard  in  the  Avestern  corner  at  the  surface,  although  loAver  clnAAm 
the  strike  is  N.30°AV.  The  quarry  is  thus  still  in  the  synclinal  trough 
mentioned  in  the  description  of  the  Shinier,  Consolidated  No.  3,  and 
klountain  VieAV  quarries. 

The  cleavage  here  strikes  N.85°E.,  and  dips  23°  (average)  S.  The 
grain  trends  N.40°AV.,  dipping  70°-90°N.E. 

Jointing  is  conspicuous.  Tavo  sets  of  joints  are  recognizalde, — one 
striking  N.15°-35°E.  and  having  A’ery  steep  dips,  the  other  striking 
N.35°AY.  (average),  Avith  dips  of  50°-60°N.  The  strikes  are  very 
similar  to  the  tAA'O  main  .systems  in  the  Consolidated  No.  1 — Star  quarry, 
but  the  angles  of  dip  are  different  (see  Plate  XX). 

History  and  development . — The  quarry  site  Avas  located  by  Bray 
and  Short  in  1865;  110  acres  of  land  around  this  quarry  AA’ere  bought 
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for  $6,000.  At  the  time  tlie  opening  was  made,  it  was  known  as  the 
East  Bangor  quarry.  Operations  were  conducted  by  Bray  and  Short 
until  1882,  when  the  East  Bangor  Consolidated  Slate  Company,  Avith 
capital  stock  valued  at  $250,000  formed  to  work  both  the  Consolidated 
No.  1 and  Consolidated  No.  2.  For  the  history  of  this  company,  see 
the  history  of  the  Consolidated  No.  1 — Star  quarry. 

The  millstock  from  this  quarry  was  sent  to  the  mill  at  the  opening 
of  the  Consolidated  No.  1 — Star.  The  roofing  slate  Avas  handled  on 
the  dump  to  the  south  in  shanties,  eight  of  AAdiich  are  still  standing. 
Three  masts  seiwed  the  quarry.  The  production  consisted  of  structural 
and  sanitary  material  and  roofing  slate. 

II.  COXSOLIDATED  XO.  1— STAR  QUARRY 

LocaUon  and  dimensions. — The  large  dump  of  this  quarry  is  a con- 
spicuous landmark  at  East  Bangor.  In  area  of  surface  opened,  the 
quarry  is  the  second  largest  in  the  district.  It  is  irregular  in  form 
suggesting  a rectangle  500  by  1,000  feet  in  size,  and  having  its  longer 
dimensions  extending  about  N.55°E.,  but  AA’ith  a triangular  promontory 
of  slate  projecting  nortliAvard  from  the  southern  corner.  The  liottom 
of  the  quarry  is  extremely  variable  in  depth,  as  the  opening  has  been 
Avorked  irregularly,  noAV  here,  noAv  there.  At  present  tAvo  Avorking 
parts  are  maintained,  one  in  about  the  middle  of  the  southeastern,  the 
other  inidAA’ay  along  the  northAATstern  side.  Of  these  the  southern  is 
60,  the  northern  80  feet  beloAV  the  surface. 

The  dump  almost  completely  surrounds  the  ojiening.  It  is  built  up 
mainly,  liOAveATr,  along  the  southeastern  and  nortlnvestern  sides ; much 
of  the  Avaste  has  been  throAvn  into  the  old  hole. 

Geology. — A difficulty  encountered  in  stripping  the  northern  part 
of  this  quarry  Avas  the  large  quantity  of  glacial  material  OA’erlying  the 
slate.  This  OATrburden  is  20  feet  thick  along  the  nortliAATstern  side  of 
the  quarry  near  the  Avestern  corner,  but  thins  to  only  three  feet  to- 
Avard  the  south  and  decreases  similarly  eastAvard.  Plate  XXI,  A, 
illustrates  the  heaAy  cover  AA’hich  must  be  stripjied  off  before  the  .slate 
is  reached.  The  northeastern  corner  of  the  hole  shoAVs  no  glacial  oati’- 
burden, — merely  5 feet  or  so  of  Aveathered  slate  that  has  to  be  stripped 
before  solid  rock  is  met. 

BeloAv  the  surface,  after  the  be :1s  to  the  south  take  a sharj)  turn, 
so  as  to  dip  soutliAvard  at  a steep  angle  (see  description  of  Columbia 
Bangor  quarry  beloAv),  they  resume  a northward  dip,  AA'hich  seems  to 
fiatten  more  and  more  as  the  beds  are  folloAA’ed  down  the  di]).  It  is 
these  north-dipping  beds  that  the  Consolidated  No.  1 — Star  quarry 
has  exposed.  These  strike  variously,  an  aA’erage  of  fiA’e  observations 
along  the  southern  Avoi’king  piece  giAung  a strike  of  N.32°E.,  Avith  a 
di]i  of  21  °N.;  the  dip,  hoAvever,  suffers  minor  A'ariations,  in  general 
declining  nortliAvard,  AAhile  the  strike  sAvings  more  nearly  due  north. 
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PLATE  XXI 


A.  Xoi'thwest  wall  of  ^^•este^n  part  of  Consolidatod  Xo.  1-Star  (piarry.  as  soeii 
from  west  corner  of  opening:  shows  IM  feet  of  glacial  overhnrden. 


I>.  Dump  of  overhnrden  from  Colnmhia  Bangor  (pmrry  : material  is  thrown 
into  the  ahandoncd  part  of  the  oiaming. 
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SO  as  to  become  N.20°W.  at  the  most  northerly  corner  of  the  hole,  with 
a clip  of  7°SW.  In  short,  the  structure  presages  the  westAvarcl  pitch- 
ing synclinal  axis  mentioned  in  tlie  Shinier,  Mountain  A^iew,  and  Con- 
solidated No.  3 quarries.  A sketch  map  to  show  these  changes  in  dip 
and  strike  is  presented  in  Figure  30.  The  beds  cpiarried  are  mainly 
those  lying  immediately  alcove  the  Gray  Iced,  which  is  itself  to  be  seen 
in  the  southern  working  level,  and  outcrops  again  .just  south  of  the 
southeastern  edge  of  the  o]cening  at  the  surface  of  the  ground.  The 


EXPLANATION 


Middle  big  bed  should  be  not  far  below  the  present  workings  and  ac- 
cessilcle  in  depth.  At  the  northern  working  level  the  Black  Rilchon 
bed  is  being  worked  and  the  Bangor  Union  big  bed  shows  in  the 
southwestern  wall  of  the  c|uarry,  west  of  the  southern  working  level. 

The  cleavage  shows  slight  variations  in  strike  and  dip,  hut  may  he 
generalized  as  striking  N.8d°E.,  with  a dip  of  19°S.  The  grain  trends 
N.40°AAT,  with  a dip  of  80°E. 
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Jointing  is  complex,  as  miglit  be  ex|)ccted  with  the  sliarp  turn  ot  the 
bedding.  In  the  Consolidated  No.  2 (piarry,  the  joints  hav(‘  been  de- 
scribed as  eon.stituting  two  sets, — one  striking  N.l  u°-8r>°  K.,  with  stee|> 
dips,  the  other  striking  N.du°W.  with  northward  dips  of  r)0°-h0°.  In 
the  Consolidated  No.  1 — Star  (piarry  siniilai'  strikes  are  seen,  hut  the 
dips  are  not  the  same,  hotli  systems  liaving  steep  dips  in  either  direc- 
tion. Most  conspicuous  are  vertical  joints  having  strikes  of  N.:i()°E., 
whicli  are  esjiecially  well  developed  on  the  northeastern  wall  of  the 
(piarry  (see  Plate  IX.  P).  A set  of  N.(i5°E.  joints  dip  vertically,  and 
generally  ends  at  the  intersection  with  joints  of  the  N.:i5°E.  set;  it  is 
suggested  that  the  N.t)5°E.  set  is  particularly  related  to  the  turn  in 
the  strike  of  the  beds.  These  systems  should  also  he  compared  with 
the  joints  observed  at  the  IMountain  View  (piarry  (Plate  XX). 

In  the  liottom  of  the  (piarry,  which  is  now  covered  with  waste,  and 
in  the  northwestern  corner  there  are  jilaces  where  calcareous  beds  show 
minute  crumpling  with  the  development  of  false  cleavage.  Here 
([Harrying  will  [irohahly  [irove  unfavorable,  as  the  regularity  of  cleav- 
age in  slate  bearing  false  cleavage  is  generally  reduced.^'’* 

Ilisforij  ami  (Icvcloinnoit . — This  (juari’y  oidginally  consisted  of  two 
separated  [larts, — the  eastern,  formerly  known  as  the  Consolidated  No. 
].  and  the  western,  smaller  ])ortion  called  the  Star  (juarry.  The  east- 
ern two-thirds  of  this  (juarry  was  opened  by  Pray  and  Short,  then 
(piarrying  under  that  firm  name,  in  almiit  lS7U.  after  the  discovery  by 
Short  of  slate  on  this  jiroperty  and  his  purchase  of  110  acres  for  Sb.dtHk 
The  juirchase  mentioned  was  intended  to  increase  the  diimi)  and  facili- 
tate ojierations  at  the  Consolidated  No.  2 (then  known  as  the  East 
Pangor)  (juarry,  hut  after  the  discovery  of  slate  on  the  newly  ac- 
(piired  land,  an  ojiening  was  made  on  it.  Bray  and  Short  operated 
this  hole  as  well  as  the  [(resent  Consolidated  No.  2 until  1882 ; at  this 
time  a eonijiany,  the  East  Pangor  Consolidated  Slate  Co.,  with  a caji- 
ilal  of  $250, 000  was  formed  to  develop  this  and  the  Consolidated  No.  2 
(juarry. 

Since  18G8  the  old  Star  (juarry,  which  is  the  triangular,  most 
W'estern  [lortion  of  the  jiresent  ojiening,  had  been  ojierated  by  various 
[ler.sons, — at  first  by  Major  Ames  of  Portland,  later  Iiy  a grouji  of 
eight  Englishmen,  and  finally  by  the  American  Slate  Coinjiany,  wdiich 
also  owned  the  Pangor  Southern  and  Ameidcan  Pangor.  In  lOI!)  the 
East  Pangor  Consolidated  Slate  Company  bought  this  (piarry  from 
the  Ayres  Estate.  Since  that  time  the  two  ojienings  have  lieen  united 
and  operation  of  the  resulting  large  (juarry  has  lieen  continuous.  The 
Jiresent  cajiitalization  is  $200. OOP. 

The  fir.st  slate  mill  was  erected  at  the  Consolidated  No.  1 (juarry  in 
1885-86.  It  has  been  continuously  running  in  the  same  huilding.  In 

D.ilp,  T.  Nelson.:  Slnte  in  the  Tinited  States;  TV  S.  Geol.  Snrvev,  Hull.  .oRfi.  p|i.  37  anil  (11, 
101 1. 
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the  beginning  one  of  the  main  products  was  marbleized  slate.  Now  all 
types  of  structural  and  sanitary  materials  have  taken  the  place  of 
the  more  ornamental  “artificial  marble”. 

A diagram  of  the  mill  arrangement  is  given  in  Figure  31. 

The  power  drives  one  shaft,  Avhich  is  linked  by  belts  to  all  the 
machinery  on  the  right  side  of  the  central  track ; a belt  also  links  this 
shaft  to  a parallel  one,  by  Aidiicli  the  machinery  on  the  left  side  of 
the  mill  is  drAen. 

The  small  “rip-saAvs”  used  for  the  saAving  of  ti’immed  millstock 
(numbered  1 and  2 in  the  diagram)  have  extra  small  tables  measur- 
ing respeetAely  5 by  7 feet  (No.  1)  and  3)4  by  6 feet  (No.  2). 

An  innoA'ation  is  a small  simplex  crane  Avith  a chain  hoist,  on  a 
crescentic  OATrhead  track ; hand  poAver  is  employed  for  its  operation. 
A liorse  is  used  to  haul  slate  along  the  track  in  the  mill. 

Tavo  shanties  at  the  mill  make  roofing  slate  of  the  rejects.  In  the 


quarry,  tAvo  cables  run  across  the  hole  along  the  southeast  side  from 
just  north  of  the  east  corner.  Other  cables  are  throAvn  across  from 
the  middle  of  the  nortliAvestern  edge,  Avhere  there  is  another  landing 
and  where  most  of  the  roofing  is  made. 

The  products  noAv  are  roofing  slate,  structural  and  sanitai’j^  slate, 
and  electrical  slate.  As  noted,  slate  for  marbleizing  Avas  once  of  im- 
portance. 
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1-J.  STANDARD  (JUARRY 

Location  and  diinensio)is. — Tliis  quarry  is  2(J(J  feet  "west  of  the 
Avestern  corner  of  the  Consolidated  Xo.  1-Star  (iiiarry.  It  is  300  feet 
long  in  a direct'on  about  X.IU”^.  and  200  feet  nide;  its  shape  is  ir- 
regular, being  generally  rectangular,  except  that  the  southern  corner 
is  acute,  the  eastern  one  obtuse.  Water  at  least  50  feet  deep  fills  the 
quarry  to  ■within  15  feet  of  the  top  of  the  slate. 

Geology. — A moderately  thick  overburden  shows  on  the  southeast- 
ern side;  it  is  here  5 feet  thick  and  consists  of  a mixture  of  boulders 
set  in  a matrix  of  gravel  and  clay.  The  slate  exposed  reveals  but 
little  of  its  structure,  but  it  can  be  safely  assumed  that  the  beds  dip 
much  as  in  the  Consolidated  X'o.  l-8tar  pit  to  the  east.  X'ear  the 
]'iorthern  corner  the  strata  strike  X’'.45°E.  and  dip  22°XW. ; in  the 
middle  of  the  sontheastern  side  they  strike  X.35°E.  and  dip  19°X"W. 
X"o  big  beds  are  to  be  seen  above  the  -water  level.  The  beds  -worked 
must,  ho-wever,  have  been  the  same  as  those  exposed  in  the  Consolidated 
Xo.  1-Star  quarry,  exce]it  that  the  Gray  bed  -was  probably  encountered 
at  greater  depth. 

The  cleavage  strikes  Xk  78°  E.,  and  dips  21°S. 

History  and  development . — X’o  machinery  remains  at  this  quarry,  and 
nothing  -was  learned  of  its  hi.story. 


13.  BANGOR  VALLEY  (BANGOR  ECLIPSE)  QUARRY 
Location  and  dimensions. — This  opening  is  about  3,500  feet  due  vest 
of  the  to-wn  of  East  Bangor  and  about  1,200  feet  vest  and  slightly 
south  of  the  ivestern  edge  of  the  Consolidated  Xo.  1-Star  ciuarry.  It 
measures  roughly  200  by  300  feet,  having  its  longer  dimensions  in  a 
northvesterly  direction.  Topograi)hically  it  occupies  a lov  position, 
the  top  of  the  hole  being  only  about  30  feet  above  the  creek.  The 
ground  rises  to  the  north,  hovever ; at  the  northern  end  of  the  quarry, 
therefore,  sixty  feet  of  bed  rock  are  to  be  seen  above  the  vater-line. 
vhile  sonthvard  the  slate  exposure  diminishes  beneath  a cover  of 
U’lacial  till  until,  at  the  soiithern  edge,  the  glacial  material  itself  passes 
belov  vater.  Probably  the  depth  of  the  quarry  vas  100  feet. 

A good-sized  dump  along  the  southeastern  edge  is  confluent  vith  that 
of  the  Bangor  Central  quarry  tovard  the  vest. 

Geology. — The  cover  is  of  unassorted,  generally  Avell  rounded 
boulders  and  is  15  feet  deep  in  the  southern  corner  of  the  opening. 

In  the  northern  corner  the  beds  strike  X.  88°  W.,  di]qnng  10°  XE. ; 
virtimlly  the  same  dip  and  strike  are  observable  elsevhere  in  the  Avails, 
Presumably  the  beds  are  about  the  same  as  those  in  the  Bangor  Central 
quarry  (see  beloAv),  but  the  upper  sections  of  the  latter  are  probably 
missing  because  of  the  loAA'er  topographical  position  of  the  Bangor 
Valley  quarry.  X"o  thicker  beds  Avere  seen. 
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In  general,  the  cleavage  strikes  N.  59°  E.,  and  dips  about  25°  S., 
stee]iening'  slightly  northward.  Grain  trends  N.  45°  W.  and  is  vertical. 

Two  systems  of  joints  were  noted  striking  respectively  X.55°E.,  and 
due  east ; the  former  system  can  be  subdivided  respectively  again  into 
joint  planes  dipping  about  35°  S.  and  others  dipping  50°N.  The 
joints  that  strike  due  east  are  vertical  but  are  the  less  well  marked 
of  the  two  systems.  These  various  types  of  joints  are  ivell  seen  on  the 
northwestern  wall. 

History  and  development. — The  cpiarry  was  formerly  operated  under 
lease  by  Messrs.  Jacobs  and  Ford  of  Bangor.  It  was  shut  down  at 
the  beginning  of  the  World  War.  Profit  was  especially  obtained  from 
quarrying  the  Mike  Taylor  bed. 

The  opening  is  on  the  estate  of  David  Howell. 

No  machinery  or  slate  stock  were  to  be  seen. 

11.  BANGOR  CENTRAL  QTLVRRY 

Location  aiul  dimensions. — The  quarry  lies  200  feet  we.st  of  the 
Bangor  Valley  quarry.  It  is  a.  rather  small  hole,  nearly  square,  with 
a length  of  225  feet.  It  is  worked  on  one  level,  which  has  a depth  of 
250  feet.  The  dump  lies  mainly  along  the  northwestern  side. 

Geology. — The  till  cover,  similar  to  that  observed  in  the  Bangor 
Valley  opening,  is  as  much  as  25  feet  thick,  but  it  varies  greatP/. 

x\t  the  surface  the  beds  appear  to  dip  3°  S.,  with  a strike  of  N.  60°  E. 
In  the  bottom,  the  dips  are  northward  and  generally  4°  to  5°,  Avith 
strikes  aATraging  N.45°E.  The  structure  is  thus  continuous  Avith 
that  of  the  AATstern  .side  of  the  Consolidated  No.  1 — Star  pit. 

In  the  bottom  of  the  quarry  the  sequence  exposed  is  mainly  that 
lying  betvA'een  the  Thirteen  big  l>ed  and  Black  Ribbon  big  bed ; it  is 
said  that  continued  doAvuAvard  jirogress  has  exposed  the  Gray  bed 
at  the  southern  back  of  the  quarry.  In  0]iening,  the  Mike  Taylor 
big  bed  Avas  cut  through  at  the  very  surface. 

The  loAv  angle  betAveen  the  dip  of  the  beds  and  the  dip  of  the 
cleaATge  is  favorable  to  a considerable  “length”  of  slate  along  the 
cleaAmge,  even  though  the  beds  are  someAvhat  thinner  than  usual. 

The  cleavage  dips  30°  or  so  SE.  at  the  surface  and  has  an  average 
dip  of  15°  in  the  bottom,  Avith  a strike  of  N.80°E.  Grain  trends 
N.65°AV.,  an  unusually  strong  AvestAvard  strike ; the  grain  plane  stands 
ATrtical. 

Jointing  in  this  quarry  is  exceptionally  uniform.  No  obseiwations 
of  joints  Avere  made  at  the  surface  and  it  is  jmssible  that  these  might 
havT  been  at  Amriance  Avith  the  systematic  arrangement  seen  in  the 
bottom  of  the  opening.  On  the  Avorking  leATl,  hoAvever,  only  tAVO  joint 
sets  were  observed,  of  Avhich  one  strikes  due  north,  Avith  di])s  of  50° 
or  more,  generally  eastward ; the  other  and  dominant  set  strikes  due 
east,  Avith  vertical  dips.  This  constancy  in  joint  systems  is  probably 
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A.  Baiisor  T'liiou.  B.  Xoith  Baiisor  Xo.  8.  C.  Xortli  Bangor  Xo.  1.  D. 
f'oliiinbiaii  Bangor.  ]•'.  ()hl  I’.angor,  top  piece.  F.  X<>\v  lian.gor. 


154 


SLATE  TN  NORTHAMPTON  COUNTY 


attrilnitable  to  the  fact  that  the  nearest  close  fold — that  in  the 
Colnmbia  Bangor  (see  p.  156) — has  a strike  apparently  at  right  angles 
to  the  direction  of  thrust  in  the  slate  folds,  so  that  minor  stresses  with 
an  ohlicpie  direction,  such  as  would  be  exerted  in  the  ends  of  pitching- 
troughs,  were  not  set  up. 

An  interesting,  though  not  exce])tional,  feature  observed  in  this 
cpiarry  is  the  presence  of  “water  splits’’.  These  are  a special  type  of 
incipient  jointing  along  essentially  horizontal  planes  (see  p.  75). 

In  this  opening  also,  the  development  of  lenses  of  pyrite  on  the  joint 
planes  was  observed.  As  far  as  can  he  recalled,  these  were  seen  only 
in  the  joints  striking  due  north.  They  are  thin  in  their  east-west 
dimensions,  measure  0.1-0. 2 inches  vertically,  and  are  0.3-0. 4 inches 
long.  They  are  clearly  secondary.  Such  a lens  is  called  a “knife’’ 
or  “Jacky  Hughes”  by  the  quarry  men. 

Hitory  and  development. — The  quarry  was  opened  about  fifty  years 
ago,  hut  a period  of  dejiression  forced  the  suspension  of  work  about 
1885.  William  Blake  was  prominently  connected  with  the  earlier 
o]ierations.  The  quarry  was  opened  again  in  1906  by  C.  C.  Wise  of 
Bangor,  under  whose  management  it  has  produced  slate  continuously 
since  then,  with  the  exception  of  short  periods  during  the  World  War 
or  when  the  slate  trade  was  slack.  It  is  operated  by  the  Bangor 
Central  Slate  Company,  which  is  incorporated  with  bonds  valued  at 
$40,000,  and  stock  having  a par  value  of  $25,000.  C.  C.  AVise  and 
P.  F.  Abetter  of  Bangor  own  the  controlling  interest.  There  is  no  mill 
for  making  sawed  slabs.  Boiler  and  engine  houses,  landing  and 
masts,  are  on  the  northwestern  side  of  the  hole.  The  dump  has  been 
built  up  on  three  sides  of  the  quarry,  but  most  of  the  waste  is  now 
carried  to  the  northern  side  of  the  dump,  on  which  the  landing  is 
located. 

The  quarry  is  at  present  producing  only  roofing  slate  and  wall  slate, 
althoiigh  millstock  and  electrical  slate  could  well  be  made.  AVall  slate 
is  slate  cut  and  split  into  thick  blocks  and  used  as  a filler  and  thermal 
insulator.  In  October,  1923,  eleven  shanties  were  making  roofing 
slate. 

A plant  has  lately  been  installed  to  crush  and  pulverize  slate  for  use 
as  blue-black  and  roofing  granules ; this  is  operated  by  a separate  firm, 
the  Bangor  Central  Slate  Company  furnishing  waste  from  its  dump 
under  a working  agreement. 

1.-.  BANGOR  ROYAL  QUARRY 

Location  and  dimensions. — This  opening,  an  elongated  rectangle 
measuring  about  350  by  150  feet,  with  its  longer  dimensions  trending 
about  N.40°W.,  lies  200  feet  west  of  the  Bangor  Central  quarry.  It 
is  now  largel}^  filled  with  water,  the  exposure  of  slate  and  overburden 
being  thickest  along  the  north  side,  where  it  reaches  48  feet.  The  open- 
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ing  must  have  been  at  least  100  feet  deep  to  the  bottom,  including 
what  is  now  submerged. 

i\Iost  of  the  dump  is  at  the  northwestern  end  of  the  quarry,  but  two 
lobes  of  waste  extend  northward  from  this  along  the  quarry  sides. 

Geology. — On  the  southern  edge  the  solid  rock  bears  an  overburden 
of  25  feet  of  glacial  till,  which  diminishes  to  8 feet  northward ; it 
consists  of  rounded  boulders  set  in  a matrix  of  sandy  clay. 

Beneath  this  at  the  northern  end  of  the  quarry  40  feet  of  slate 
are  exposed.  This  slate  is  nowhere  accessible,  but  its  strike  appears 
about  the  same  as  in  the  Bangor  Central,  Avith  a northward  dip  of 
approximately  7°.  The  attitude  of  the  cleavage  is  similar  to  that  in 
the  Bangor  Central  quarry.  Grain  trends  N.45°AV.  and  dips  vertically. 
A description  of  this  opening,  appears  in  Sanders’"^  report  on  the 
slate  region;  it  is  described  as  having  bedding  dipping  N.40°  E.  and 
cleavage  S.40°AV.,  but  it  is  believed  that  the  letters  were  reversed  in 
the  printing,  the  beds  actually  dipping  X.40°AY.,  and  the  cleavage 
S.40°E. 

Xo  joints  were  definitely  recognizable,  although  the  northern  Avail 
bore  a sugge.stion  of  a set  striking  X.60°E. 

History  and  development. — Nothing  could  be  learned  of  past  opera- 
tions. The  quarry  has  been  abandoned  for  at  least  ten  years.  It  Avas 
eAudently  already  opened  Avhen  Ausited  by  Sanders  in  1874-78.  It  Avas 
then  knoAvn  as  the  Bangor  Old  quarry. 

16.  COLUMBIA  BANGOR-NEW  BANGOR  QUARRY 

This  opening  is  OAvned  and  operated  by  tAvo  separate  companies. 
The  eastern  end  is  generally  knoAvn  as  the  Columbia  Bangor  ( Ditch- 
ett’s)  quarry;  the  Avestern  end  is  noAv  OAvned  by  a company  Avhich 
uses  the  name  of  Xcav  Bangor  quarry.* *  For  com-enience  the  geology 
and  history  of  the  eastern  of  the  tAvo  portions  of  the  opening  Avill  be 
separated  from  those  of  the  AVTstern  section. 

Location  and  dimensions. — The  quarry  lies  along  the  southern  side 
of  the  state  higliAvay  betAveen  Bangor  and  Portland,  and  roughly  a 
mile  northeast  of  the  postoffice  at  Bangor.  It  is  4000  feet  AvestAvard  from 
the  East  Bangor  Hotel. 

The  opening  is  large  and  irregular  in  form.  Aleasuring  800  feet  in 
its  greatest  dimension,  along  a bearing  of  X.45°E.,  it  has  a Avidth  of 
400  feet,  and  is  the  third  largest  opening  in  the  Bangor  group.  The 
nortliAvestern  edge  is  straight,  but  the  southeastern  one  is  gently  curved, 
AAuth  the  convexity  soutliAvard. 

At  the  eastern  end  the  quarry  has  a maximum  dc])th  of  about  125 
feet  from  the  natural  surface  of  the  land.  A second  and  higher  level 
is,  however,  now  being  Avorked  doAviiAvard  and  the  deep  level  has 

Sanders,  R.  H.;  Op.  cit.,  p.  91. 

• In  192(>.  operated  under  the  name  of  Bau;^or  Ideal  Slate  Minin.tr  Company,  manaj;ed  by 
Jos.  B.  Trayes. 
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heen  abandoned.  On  the  western  end  the  depth  is  100  feet,  and  the 
main  present  Avorking  leA'e]  is  only  25  feet  below  the  surface  of  the 
ground,  extending  along  the  southwestern  edge  of  the  quarry.  The 
bole  is  being  sloAvly  filled  at  the  northeastern  edge  as  Avell  as  at  the 
middle  of  its  northwestern  edge  by  the  strippings  that  are  obtained 
as  tlie  quarry  is  extended  eastward, — a ]U'ocess  noAV  going  on.^"  As  the 
land  surface  slo])es  northward,  the  (piarry  hole  is  deeper  to  the  south. 

The  dump  of  the  operations  on  both  eastern  and  AATstern  ends  is 
built  up  on  the  hill  toward  the  south. 

Geology  of  the  Cohanhia  Bangor  (eastern)  'part  of  the  quarry. — ■ 
A heavy  overluirden  of  drift  is  encountered  in  this  quarry.  The 
0]iening  is  the  only  one  in  Avhich  a direct  clue  to  the  structure  under- 
lying that  shown  in  the  Old  Bangor  is  seen.  It  Avill  be  recalled  that 
in  the  Bangor  Central  o])ciung  the  beds  di]i  gently  northward.  These 
beds,  as  they  are  followed  u]i  dip  and  soutlnvard,  make  a sharp  turn 
Avhere  they  are  cut  by  the  northwestern  wall  of  the  Columbia  Bangor. 
In  the  northwestern  and  northeastern  Avails,  therefore,  of  the  Columbia 
Bangor,  there  are  shoAvn  the  traces  of  a sharp  syncline,  the  axial 
plane  of  Avhich  dips  gently  soutliAvard.  Thus  on  the  northeastern 
Avail  at  the  surface  the  beds  dip  steeply  soutliAvard,  but  change  the 
direction  in  their  doAviiAvard  course  until  they  dip  nortliAvard  at  an 


* See  I’lnte  XXI,  It,  p.  147,  In  tlie  portion  tliiis  stripped  was  yielding  good  slate. 
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ano'le  of  45°.  The  strike  is  X.65°K.,  and  the  lieddin^-  trace  on  tins 
wall,  which  trends  roughly  normal  to  the  strike,  thus  shows  the  true 
structnre  in  the  Columbia  Bangor  quarry.  This  fold  passt*s  into  the 
northwestern  wall  of  the  qnarrv,  however,  under  the  dump.  The 
projection  of  the  bedding  on  the  northwestern  ipiarry  face  is  thus 
a tlattened  curve  closing  westward.  Figure  32  illustrates  the  a]>pear- 
anee  of  this  feature  as  seen  when  looking  down  into  the  northern 
corner  of  the  quarry  from  the  southeastern  edge.  As  the  structure  is 
followed  upward,  however,  it  gives  place  to  a very  close  anticline,  the 
upper  limb  of  which  forms  the  lower  liml)  of  the  Ohl  Bangor  syucline. 
The  axis  of  the  anticline  is  nowhere  shown,  Init  is  inferred  from  a 
comparison  between  the  syncline  seen  in  the  northeast  wall  of  the 
('olumbia  Bangoi'  portion  of  the  o])ening  under  discussion  and  the 
southwest  wall  of  the  New  Bangor,  which  shows  only  a jiart  of  its 
upper  limb  or — what  comes  to  the  same  thing — of  the  lower  limb  of 
the  Old  Bangor  syncline  (see  Plate  XV,  p.  108). 

A study  of  Figure  25  C’  will  explain  the  ]ieculiar  loop-shaped  trace 


wall  of  ( )l(l  Baii;;oi'  (|nan\v. 


of  the  beds  in  the  northwest  wall  of  the  Columbia  Bangor  (piarry.  The 
right  side  of  the  tigure  represents  the  true  structure,  as  viewed  in  the 
northeastern  wall  of  the  quarry,  while  the  left  side  shows  the  appear- 
ance of  the  trace  of  the  fold  on  the  northwestern  (p;arry  wall. 

It  is  thus  apparent  that  there  are  in  this  and  the  Xew  Bangor  iiortion 
of  the  quarry  traces  of  two  .synclines  and  an  anticline,  all  recumbent. 
The  dip  to  be  seen  in  the  X"ew  Bangor  end  of  the  opening  is  the  lower 
limb  of  a syncline  with  nearly  flat  axial  ])lane  and  the  npjier  limb  of 
a small,  sharply  turning,  northward  recnmbent  anticline;  the  lower 
or  north  limb  of  the  anticline  is  seen  on  the  northeast  wall  of  the 
Columbia  Bangor  quarry  wln*re  the  com])lementary  underlying  .syn- 
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dine,  wliidi  may  be  called  tlie  Columbia  Bangor  syncline,  is  clearly 
visible.  This  Columbia  Bangor  syneline  may  be  regarded  as  a small 
drag  fold  on  the  under  limb  of  the  larger  Old  Bangor  syncline  to  be 
mentioned  later. 

The  beds  exposed  in  the  Columbia  Bangor  are  the  Gray  bed  and  the 
sequence  immediately  to  the  south  (i.e.,  beloAv).  The  Middle  (or  Gray 
bed)  big  bed  is  to  be  seen  in  about  the  middle  of  the  bottom  of  the 
Columbia  Bangor  iiortion  of  the  hole.  A remarkable  feature  is  the  great 
actual  thickness  of  the  beds.  A comparison  of  the  thickness  of  the 
i\Iid  lie  big  bed  in  another  quarry,  lying  oft‘  the  line  of  strike  is  signi- 
ficant : 

Actual  thickness  “Length”  along  cleavage 

“Quarry  A”  40  inches  121  inches 

Columbia  Bangor  quarry  130  inches  144  inches 

That  this  dift'erence  in  thickness  is  not  limited  to  the  Middle  big  bed 
alone,  but  affects  all  the  beds  in  or  near  the  axis  of  the  fold  at  the 
Columbia  Bangor,  is  shown  by  these  measurements  of  the  Uncle  Sam 
bed : 

Actual  thickness  “Length”  along  cleavage 

“Quarry  B” 25  inches  46  inches 

Columbia  Bangor  quarry  144  inches  162  inches 

Neither  “Quarry  A”  nor  “Quarry  B”  has  the  great  thickening  of 
beds  seen  in  the  Columbia  Bangor.  The  angle  between  the  cleavage 
and  the  bedding  in  the  last-named  qiiarry,  however,  is  so  nearly  90° 
that  the  length  of  slate  obtainable  is  scarcely  greater  than  the  actual 
tliickness  of  the  bed. 

The  cleavage  in  the  Columbia  Bangor  quarry  strikes  N.  87°  W.,  and 
dips  15°  S.  Grain  trends  N.  45°  W.  and  is  vertical. 

The  joints  observed  here  have  an  average  strike  of  about  N.  60°  E. 
and  dip  northward  at  angles  of  45°  ; two  vertical  joints  with  about  the 
same  strike  Avere  also  seen.  A feature  well  shown  in  connection  Avith 
the  jointing  is  the  presence  of  small  minor  joints  and  “Avrinkles”  along 
the  course  of  the  major  joints  (see  also  Plates  X,  B and  XXII,  D). 

History  and  development  of  the  Columhia  Bangor  part  of  the  quarry. 
— This  opening  Avas  formely  included  Avith  the  western  portion  and 
called  the  HoAvell  quarry  and  is  noAV  frequently  spoken  of  as  the  Dit- 
chett  quarry.  It  Avas  already  cleared  to  a depth  of  80  feet  in  1874-78^°®. 
It  is  situated  on  the  HoAvell  Estate.  The  quarry  was  opened  in  about 
1870  by  David  Howell,  then  a resident  of  Bangor.  Later  it  Avas  leased 
to  the  partnership  of  BoAvers  and  Mutton.  Finally  it  was  leased  by 
HoaatII  to  Messrs.  W.  S.  Ditchett,  W.  L.  Blake,  and  W.  L.  Blake,  Jr., 
all  of  Bangor,  under  the  name  of  Columbia  Bangor  Slate  Company, 
an  annual  royalty  being  agreed  on.  This  last  leasehold  dates  from 
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about  1890.  Since  then  operatioiLs  have  been  continuous,  even  includ- 
ing the  period  of  the  World  War,  with  a production  of  about  110,000 
squares  of  slate  per  year. 

Eecently  the  old  bottom  has  been  abandoned  and  a steam  shovel  used 
to  remove  the  overburden  east  of  the  opening,  a new  working  level  thus 
being  created.  In  August,  1924,  a portion  of  this  new  level  had  been 
carried  to  a depth  of  about  55  feet,  but  stripping  was  being  continued 
eastward.  In  November,  1926,  this  part  Avas  producing  slate. 

The  quarry  is  equipped  Avith  tAVO  masts  on  the  landing  aboA^e  the 
southeastern  edge  of  the  hole.  Eight  shanties  Avere  being  supplied 
AA'ith  roofing  slate  in  Augu.st,  1924.  There  is  no  mill  in  operation, 
roofing  slate  being  the  sole  product.  The  slate  is  quarried  under  the 
eye  of  an  inspector  aaTio  grades  it  before  it  is  hauled  out  of  the  hole. 

Geology  of  the  New  Bangor  {western)  part  of  the  cj[uarry. — The  beds 
here  shoAV  none  of  the  abruptly  turning  structure  characteristic  of 
the  southern  limb  of  the  syncline  seen  in  the  Columbia  Bangor  opening. 
Instead  they  preserve  a regular  northerly  dip.  The  strike  is  generally 
X.  35°  E.,  and  the  dip  averages  16°  X.,  but  increases  doAviiAA’ard  and 
nortliAvard.  The  beds  seen  at  the  surface  lie  immediately  above  the 
Gray  bed  and  the  latter  itself  appears  35  feet  beloAv  the  surface  in  the 
soutliAA-estern  corner  and  passes  into  the  nortlnvestern  AA'all  of  the 
quarry  ten  feet  beloAA’  the  surface. 

The  cleaA’age  generally  strikes  N.  45°  E.,  and  dips  17°  S.  Grain 
bears  X.  45-50°  W.  and  is  A^ertical. 

Three  .sy.stems  of  joints  are  recognized,  both  in  the  upper  surface  and 
beloAA’,  on  the  soutliAvestern  Avail  of  the  hole.  These  systems  strike 
re.spectively  (1)  X.40-65°E.,  Avith  dips  of  40-75°X. ; (2)  X.5°W.-N.5°E., 
AA'ith  planes  liaAung  cuived  surfaces,  so  that  the  angle  of  dip  A'aries 
from  20°  to  50°E. ; and  (3)  X.75°E. — X.80°W.,  Avith  vertical  planes. 
The  last  .system  largely  consists  of  a series  of  dominant  joints  .striking 
due  east,  betAA'een  AA'ldch  are  small  discontinuous  joints  striking  more 
nearly  X.80°W.  The  second  system  ajApears  to  be  independent  of  the 
others.  Joints  of  the  third  dominate  those  of  the  first  system  and  cut 
across  them  Avithout  being  offset  themselA'es.  See  Plate  XXII,  F. 

History  and  development  of  the  New  Bangor  part  of  the  quarry. — • 
This  part  of  the  quarry  is  really  a part  of  the  old  Bangor  Excelsior 
I)roperty.  It  Avas  at  one  time  knoAvn  as  the  IIoAvells  quarry,  but  is  noAV 
commonly  spoken  of  loosely  as  the  Bangor  Excelsior,  although  that 
name  should  properly  be  applied  to  the  next  pit  eastAA^ard.  The  present 
leasers  are  Me.ssrs.  Chas.  R.  Bray  and  John  Parsons  of  East  Bangor, 
Pa.*  The  property  is  a portion  of  the  R.  S.  BroAvn  Estate. 

Operations  AA'ere  begun  by  Bray  and  Parsons  in  the  summer  of  1923, 
but  AA'ere  discontinued  in  1924. 

The  equipment  includes  old  ma.sts  on  the  dump  to  the  south,  a 

* Sep  footnote,  itnire  as  to  present  manairement. 


160 


SLATE  IX  NORTHAMPTON  COUNTY 


boiler  house,  and  an  inclined  track  between  this  and  the  next  opening 
to  the  west.  The  ecpiipinent  apparently  is  to  serve  both  the  New 
Bangor  and  the  Bangor  Excelsior  quarries. 

In  the  past  the  quarry  has  yielded  both  niillstock  and  roofing  slate. 

17.  15ANGOR  EXCELSIOR  QUARRY 

Location  and  dimensions. — The  northeastern  edge  of  this  quarry  is 
parallel  to  the  southwestern  side  of  the  New  Bangor  and  is  separated 
from  it  only  by  an  inclined  track.  The  opening  is  generally  rectang- 
ular, Avith  minor  indentations,  and  measures  roughly  450  to  550  feet. 
Water  stands  in  the  opening.  The  depth  was  probably  150  feet  along 
the  eastern  side. 

Geology. — The  slate  comes  to  the  surface  along  all  sides  of  the 
qnarry,  except  the  nortliAvest,  and  a]iparently  only  the  first  ten  feet  are 
sufficiently  Aveathered  to  constitute  rubbish. 

Probably  the  beds  strike  generally  N.35°E.,  as  in  the  NeAV  Bangor 
to  the  east,  and  di]i  about  15°N.  The  structure  is  a continuation  along 
the  strike  of  the  loAver  limb  of  the  Old  Bangor  syncline  (see  below). 
The  quarry  aams  opened  in  beds  immediately  above  (i.e.,  north  of) 
the  Gray  bed,  the  Middle  big  bed  doubtless  being  encountered  at  a 
depth  of  about  35  feet  beloAv  the  surface. 

CleaATge,  as  best  it  could  be  determined,  strikes  N.45°E.  and  dips 
15°S.  The  grain  trends  N.50°AV.  and  its  plane  is  vertical. 

The  following  joints  Avere  observed  : 


Joints  in  Bangor  Excelsior  (j[uarry. 


Number 

Strike 

Dip 

9 

N.40°E 

80°S. 

3 

75°-90°N. 

1 

N.30°E 

70° S. 

1 

N.80nv 

ATrtical 

1 

N.80°E  

ATrtical 

9 

N.60°W 

1 

N.65°AV 

3 

N.sonv 

It  is  thus  seen  that  there  are  three  systems,  all  dipping  approxi- 
mately A'ertically, — one  striking  N.30°-40°E.,  one  striking  N.80°W.- 
N.80°E.,  and  one  striking  N.60-65°W.  The  first  and  second  apparently 
correspond  to  the  first  and  last  systems  listed  as  occurring  in  the 
New  Bangor  quarry,  Avhile  the  third  has  no  counterpart  in  the  Ncav 
Bangor,  unless  indeed  it  represents  only  a slight  variation  in  the 
strike  of  the  N.80°E.-N.80°W.  system. 

History  and  development. — This  quarry  AA’as  already  opened  in 
1874  to  1878  and  Avas  seen  by  R.  II.  Sanders,  aa4io  described  it  under 
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Die  name  of  Bangor  Valley  (juarry.’"'  Of  its  reeent  history  nothing  ivas 
learned.  Tt  is  not  worked  at  ]iresent. 

A power  house  and  hoiler  stand  at  the  northern  eoiaier  of  the 
hole.  An  inclined  railway  runs  from  the  state  highway  np  to  the 
dump,  having  been  operated  by  cal.le.  Fkinr  cables  with  masts  are 
still  standing  on  the  landing  at  the  southeastern  edge  of  the  o]iening. 
An  old  mill,  an  accessory  stockhouse,  and  vai'ions  smaller  buildings 
are  on  the  dump,  which  lies  mainly  to  the  southeast  of  the  opening. 

i\Iessrs.  Bray  and  Parsons  contemplated  working  the  New  Itangor 
only;  very  probably  the  two  quarries,  being  closely  adjacent  and  in 
the  hands  of  the  same  owners,  could  be  worked  together,  with  common 
access  to  the  eqni]inient  from  both  holes. 

The  main  production  from  this  (fuarry  has  been  roofing  slate,  but  it 
also  yielded  some  millstock. 

18.  OLD  I5AXGOK  QUARRY 

Location  and  dimensions — The  quarry  lies  half  a mile  east  of  Bangor, 
on  the  south  side  of  the  state  highway  between  Bangor  and  East  Bangor. 
It  is  the  third  largest  quarry  in  the  district,  measuring  roughly  1200 
by  550  feet  in  its  greatest  dimensions.  The  form  in  ground  jilan, 
however,  is  very  irregular,  suggesting  two  rectangles,  an  eastern  and 
western  one,  measuring  respectively  600  by  550  feet  and  600  b}’  250 
feet,  placed  end  to  end  and  with  their  longer  dimensions  forming  the 
straight  southeastern  edge  of  the  opening. 

The  old  bottom  of  the  quarry  is  water-tilled,  but  the  slate  is  expo.sed 
all  along  the  southeastern  side,  attaining  a thickness  of  not  less  than 
100  feet  along  the  northeastern  and  southeastern  sides  of  the  quarry. 
Recent  ivork  has  been  along  the  northeastern  side  where  a shelf  had 
been  cut  down  25  feet  below  the  surface  in  September,  1923.  In 
September,  1924,  the  working  surface  was  an  irregular  platform  about 
60  feet  below  the  .surface  on  the  same  side. 

A tremendous  waste  pile  has  been  built  np  around  the  northwestern 
side  of  the  quarry.  Looking  at  it,  one  wonders  whether  all  this  slate 
would  go  back  again  into  the  hole.  This  dmii])  rises  100  feet  above  the 
state  road  north  of  it,  and  measures  1200  by  600  feet.  More  waste 
material  is  south  of  the  hole,  Avhere  it  has  l)een  l.uilt  up  as  a foundation 
for  landing  and  shanties.  Plate  XXIII  A gives  some  conception  of 
the  size  of  this  dump. 

Geology. — The  slate  has  an  overburden  of  ten  feet  of  glacial  material 
along  the  northeastern  edge  of  the  hole. 

The  quarry  exposes  the  Old  Bangor  syncline.  This  is  a fold  with 
an  almost  flat  axial  ])lane,  the  axis  trending  X.  42° E.  The  fold  is 
shoAvn  in  its  true  relations  on  the  northeastern  quarry  wall,  and  here 
also  it  is  seen  that  the  upper  limb  dips  more  steeply  than  the  lower, — 
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PLATE  XXIII 


A.  View  of  mill.  (Imiip.  and  soullieast  ^Yall  of  Old  Bangor  quarry,  from  east 
corner  of  Bangor  T’nion  qnai-ry. 


B.  East  corner  of  Old  Bangor  quarry  ; looking  X".  60°  E.  from  middle  of  north- 
west side  at  the  northwaixl  overturned  Old  Bangor  syncline. 


BANGOR  GROl’I 
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that,  in  short,  the  axial  plane  is  not  cpiite  horizontal,  but  has  instead 
a dip  of  4°S. 

As  a part  of  the  quarry  is  above,  a part  below  the  axis,  the  plane 
of  which  appears  at  the  surface  of  the  ground  in  tlie  northern  corner 
of  the  hole,  the  dip  of  the  beds  is  north  or  south  at  different  levels  in 
the  quarry ; even  near  the  axis  of  the  fold,  however,  the  dip  is  geueralh 
lower  than  30°.  The  appearance  of  a very  Hat  syncline,  with  limbs 
diverging  only  30°  or  so,  which  is  seen  in  the  southeastern  quarry  wall, 
is,  however,  illusory  and  is  caused  by  the  small  angle  between  the  strike 
of  the  beds  and  the  plane  of  this  quarry  wall ; in  this  connection, 
reference  should  be  made  to  Figures  24  B,  and  25  A and  C.  The  strike 
of  the  beds  varies  between  X.30°  and  62°E.  For  further  illustration, 
see  Figure  33. 

The  quarry  has  given  its  name,  in  the  parlance  of  slate  operators,  to 
a series  of  beds  generally  spoken  of  as  the  Old  Bangor  “run.”  These  in- 
clude the  sequence  between  the  Thirteen  big  bed,  which  was  quarried 
in  the  northern  corner  of  the  quarry  along  the  axis  of  the  fold,  and  the 
Nine  Foot  big  bed,  which  is  seen  in  the  southeastern  wall  and  outcrops 
in  the  eastern  corner.  The  Gray  bed  comes  to  the  surface  at  about  the 
middle  of  the  northeastern  edge  of  the  hole.  A series  of  sandy  beds 
exposed  at  the  eastern  corner  (where,  because  the  sequence  is  over- 
turned, they  lie  above  the  Xine  Foot  big  bed)  was  encountered  in  the 
deepest  parts  of  the  quarry. 

The  cleavage  strike  varies  between  the  same  bearings  as  were  given 
for  the  bedding,  but  it  generally  trends  more  nearly  due  east  than 
does  the  latter;  the  dips  are  nearly  horizontal,  rarely  exceeding  4°  in 
either  direction.  The  grain  plain  strikes  N’.50°'W’.  and  is  vertical. 

The  .jointing  was  studied  in  detail  only  on  the  small  ledge  of  the 
present  working  level.  Here  four  systems  were  recognized,  — one 
striking  N.30°W.,  with  dips  of  75°X”. ; a second  striking  generally  due 
east,  with  vertical  dips;  a third  striking  X.50°-67°E.,  with  vertical 
dips;  and  a fourth  striking  X’.20°-30°E.,  with  dips  of  60°-90°S.  All 
joints  observed  clearly  fell  into  one  of  these  systems.  Of  these  the 
X.30°W.  joints  are  rare. 

There  are  tlms  two  systems  of  joints  very  similar  to  those  in  the 
Bangor  Excelsior  and  X'ew  Bangor  quarries,  one  striking  northeast, 
the  other  due  ea.st  (see  Plate  XXII,  p.  153). 

History  and  development . — The  hill  on  which  the  Old  Bangor  masts 
now  stand  was  once  the  property  of  Philip  Labar.  Eobert  IM.  Jones, 
who  has  been  called  the  founder  of  Bangor,  first  discoi^ered  slate 
there  and,  with  Labar,  opened  the  quarry  in  1863.  Three  years 
later  Labar  sold  his  interest  in  the  quarry  property  to  the  Old  Bangor 
Slate  Company,  the  chief  figure  in  which  was  Samuel  StraTib  of 
Bangor.  In  1880,  the  Lehigh  Coal  and  N'avigation  Company  bought 
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the  majority  interest  in  the  i^roperty  in  order  to  obtain  the  freight 
on  the  slate  by  shipment  over  their  new  line  between  Bangor  and  Naza- 
reth. This  company  leased  the  quarry  to  J.  S.  l\Ioyer  and  Comx:)any  in 
1899  and  the  lease  was  thus  held  until  1914,  when  quariying  was  dis- 
continued. Prior,  however,  to  the  close  of  the  lea.se,  the  Lehigh  Coal 
and  Navigation  interests  in  the  quarry  were  acquired  by  Robert  S. 
Brown  and  in  1923  his  interests  were  sold  by  his  heirs  to  the  Vendor 
Slate  Company  which  resumed  operations.  The  quarry  was  operated 
for  a short  period  by  that  concern,  but  in  1924  it  was  sold  to  a new 
organization,  the  Amalgamated  Slate  Quarries  Company  of  Easton, 
Pa.,  the  main  .stockholders  of  which  are  Chester  Snyder,  George  F. 
Coffin,  James  W.  Williams,  and  Archibald  M.  Jones  of  Easton. 

The  quarry  was  formerly  operated  as  two  units,  an  eastern  and 
a westeim  one.  Quarrjdng  in  the  western  portion  was  carried  on  from 
the  northwestern  side,  where  there  are  still  standing,  though  now 
badly  Aveatherbeaten,  tAvo  masts,  eight  shanties,  and  a stock  shed ; 
in  1920  a large  mill,  also  situated  here,  burned  doA\m. 

The  eastern  part  of  the  hole  Avas  Avorked  from  the  hill  toAA-'ard  the 
south  AAdiich  is  uoav  the  site  of  all  operations.  Here  are  located  eleven 
shanties  (all  operating),  a mill  AAdiich  in  1923  AA'as  just  being  set  up, 
and  three  ma.sts  AA’ith  cables.  The  quarry  has  an  omnipresent  problem 
in  the  dis])osal  of  Avaste,  AAdiich  is  uoav  being  throAAUi  into  the  old  hole 
or  carried  soiitliAA'ard  uphill. 

The  iirodiietion  in  1923  AA'as  confined  to  roofing  slate,  but  it  is 
ex]ieeted  that  millstoek  aauII  shortly  be  obtained. 

A ])hotograph  of  the  dump,  jilant,  and  opening  is  shoAA'n  in  Plate 
XXIII. 

to.  NORTH  RANCOR  NO.  3 QUARRY 

Location  and  dimensions. — This  lies  200  feet  north  of  the  north- 
ea.st  corner  of  the  North  Bangor  quarry,  described  beloAA^  It  is  320 
feet  long  in  the  direction  N.57°E.  and  100  feet  Avide  in  the  direction 
N.50°AV. ; the  opposite  sides  are  parallel. 

The  hole  has  been  filled  along  its  soutliAATstern  side  and  is  grad- 
ually being  enlarged  in  the  op])osite  direction.  It  has  a depth  of  ap- 
proximately 65  feet,  but  is  being  deepened  as  Avork  proceeds ; the  bottom 
is  the  Avorking  leA'el. 

There  is  no  Avater.  The  dump  is  largely  to  the  soutliAATst.  Waste 
slate  is  also  being  carried  to  the  dump  of  the  large  North  Bangor 
quarry. 

Geolog]/. — An  overburden  of  5 feet  of  glacial  till  must  be  remoATd 
before  slate  is  taken  out. 

The  beds  at  the  surface  strike  N.63°E.  and  dip  35°-40°S.,  but  in 
the  bottom  they  are  seen  to  turn  so  as  to  dip  40°N.  The  structure  is 
thus  a nortliAvard  OATrturned  .syncline,  the  axial  plane  of  AA’hich  dips. 
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southward  8°  and,  to  judjie  by  the  cleavage,  strikes  N.  80°  K.  Al- 
though this  axis  is  tlms  cousidera])ly  above  tlie  axis  in  the  North  Bangor 
quarry,  it  is  clearly  a part  of  the  same  structure,  foi-  (luarrymen  insist 
that  l)etween  the  two  oitenings  all  beds  dip  southward  at  the  surtace. 

In  the  North  Bangor  No.  3 (piarry  there  are  two  big  beds,  the  more 
northerly  of  whicji  is  called  i)i  this  re]>ort  the  Noi-tli  Bangor  No.  3 
First  big  bed,  while  the  lower  and  more  southerly  is  the  North  Bangor 
No.  3 Second  big  bed;  quarryinen  do  not  use  the  terms  “First"  and 
“Second,"  having  had  little  occasion  to  mention  the  two  se])arately. 
The  first  bed  is  lYj,  feet  thick,  the  second  feet  thick;  each  has  a 
prominent  “hard  roll"  (sandy  base).  The  two  are  se])arated  by  15 
feet  of  ribboned  slate.  Both  big  beds  are  exposed  at  the  surface  and 
can  be  seen  in  the  northeast  wall  all  the  way  down  to  the  ]>resent  work- 
ing level.  They  are  shown  in  the  sketch.  Figure  34,  which  represents 


Figure  o4.  Old  lian.gor  syiicline,  as  seen  in  tlie  northeast  wait  of  tlie  North 
Fangor  No.  3 (luari'y ; tlie  dip  is  liglitl.v  increased  throngli  fore- 
shortening. 

a view  of  the  northeastern  wall  from  the  surface  on  the  opposite  side; 
the  angle  of  di]i  of  the  beds  in  this  sketch  is  slightly  exaggerated. 

The  cleavage  strikes  generally  N.80°E.  and  dips  10° — with  a 
tendency  to  decline  upward.  Grain  trends  N.48°W.  and  is  verticlal. 
Jointing  is  of  two  systems:  (1)  strike  N.80°-85°F.,  dip  vertical;  {'2) 
strike  N.1()°AV.,  dip  40°NE.  (see  Plate  XXI 1,  ji.  153). 

Ilistonj  and  development. — This  quarry  was  open  when  visited  by 
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Sanders^®®  in  1874-78.  The  first  operator  was  A.  B.  Thompson  ot 
Newark,  N.  J.  Since  then  the  history  has  been  closely  linked  with  that 
of  the  North  Bangor  qnarry  and  with  the  North  Bangor  No.  2,  which 
lay  l)etween  the  two  other  openings  bnt  is  now  hidden  by  waste.  Oper- 
ations in  the  North  Bangor  No.  3 have  been  discontinued  several  times. 
Thus  Sanders  already  found  it  abandoned  in  1874-78.  Later  is  was 
worked  for  a time  under  the  management  of  Mr.  M.  J.  Spry  of  Bangor. 
Still  later  it  was  apparently  closed  again.  At  present  it  is  l)eing  re- 
opened, the  eastern  end  being  quarried,  while  the  western  end  is  used 
for  disposal  of  wmste. 

The  quarry  is  fitted  with  two  masts.  The  mill  will  he  described 
under  the  account  of  the  North  Bangor  quarry. 

Products  obtained  from  this  quarry  include  roofing  slate,  structural 
and  sanitary  material,  electrical  slate,  and  slate  for  blackboards. 

20.  NORTH  BANGOR  NO.  1 (NORTH  BANGOR)  QUARRY. 

Location  and  ctimensions. — The  opening  lies  on  the  ridge  between 
the  main  valley  of  Martins  Creek  and  its  east  branch.  From  Bangor 
its  dump  is  the  first  to  be  seen  on  this  I'idge.  The  hole  is  only  about 
2,000  feet  north  of  the  stream  junction  just  referred  to.  It  is  400  feet 
long  by  250  feet  wide,  with  its  longer  dimension  in  a N.  60°E.  direc- 
tion and  a smaller  rectangmlar  arm  of  the  hole  projecting  northwest- 
ward from  its  north  corner.  At  its  deepest  the  quarry  is  330  feet 
below  the  surface  of  the  ground,  but  it  is  said  to  have  reached  an  even 
greater  depth,  since  when  the  bottom  has  been  largely  filled  wfitli 
waste. 

The  work  is  on  two  levels,  which  are  about  280  and  300  feet  deep. 
These  twm  working  levels  are  parallel  to  and  along  the  soutlnvestern 
side  of  the  hole. 

The  dump  is  northwest  of  the  quarry  and  is  being  built  outward 
toward  the  main  valley  of  Martins  Creek. 

Geology. — An  overburden  of  20  feet  of  glacial  clay  and  boulders  is 
to  be  seen  in  the  western  corner  of  the  hole.  Some  of  the  boulders  are 
3 feet  in  diameter.  It  is  clear  that  this  overburden  diminishes  north- 
ward (that  is,  up  the  hill)  to  about  ten  feet.  Cribbing  is  used  to  in- 
tercept falling  boulders  loosened  by  frost  action. 

This  quarry  represents  a portion  of  the  same  structure  seen  in  the 
Old  Bangor  quarry  and  in  the  North  Bangor  No.  3 opening.  The 
beds  at  the  surface  dip  25°  S.,  but  65  feet  below  the  surface  they  are 
vertical  and  250  feet  below  it,  on  the  uppermost  working  level,  they 
dip  10°N.,  the  average  strike  being  N.  29°E.  At  the  surface  the  strike 
is  N.65°E.  This  fold  has  an  axial  plane  striking  about  N.60°E.  and 
dipping  9°S.  It  is  wtU  seen  in  the  northeast  side  of  the  hole,  a photo- 
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PLATE  XX I \' 


A.  Upper  part  of  nortlieast  wall  of  X^ortli  Baiifior  qiiari-y,  as  seen  from  middle 
of  southwest  side.  The  trace  of  the  Old  P>angor  syncline  is  suggested.  The 
big  bed  to  the  right  (south)  of  A is  the  Mike  Taylor  big  bed. 


B.  Xortheast  side  of  Xorthampton  ()uarry  at  Bangor  as  vi(>w(>d  across  the 
opening.  Typical  h(>dding  slip  fault,  ddie  criislied  fault  zone'  is  at  A.  ('Insel\- 
spaced  joints  are  seen  to  the  right  (south)  of  A. 
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grapli  of  which  is  given  in  Plate  XXIV,  A.  As  shown  in  the  sec- 
tion describing  the  North  Bangor  syneline,  the  axis  here  begins  to 
turn  northward — a feature  better  marked  in  the  Old  Bangor  qnarry, 
where  the  axial  plane  strikes  N.42°E. 

The  beds  exj)osed  in  this  (piarry  are  placed  by  the  qnarrymen  in 
the  North  Bangor  “run”.  They  include  two  big  beds,  one  of  which  is 
unnamed  and  which  it  is  proposed  to  call  the  North  Bangor  big  l)ed ; 
this  is  about  7 feet  thick.  The  other,  the  IMike  Taylor  big  bed  (see 
I’late  XXIV,  A),  is  abont  8 feet  thick.  South  of  and  50  feet  below 
this  in  actual  thickness  of  beds  lies  a smaller  big  bed,  with  a heavy 
“hard  roll”,  the  two  together  being  abont  4 feet  thick.  This  latter 
bed  outcrops  at  the  extreme  eastern  corner  of  the  qnarry  dipping 
south,  and  ap]ieared  again  in  the  deeper  part  of  the  old  opening,  which 
is  now  waste-filled,  dipping  north. 

The  cleavage  strikes  N.80°E.  and  dips  generallly  9°S.  Grain  trends 
N.54°AV.  and  is  vertical. 

The  joints  observed  are  of  two  systems;  the  strikes  are  N.32°E.  and 
N.70°E. ; joints  of  the  former  set  dip  55-80°  E.,  of  the  latter  vertically. 
One  joint  strikes  N.15°E.,  and  dips  70°S.  In  general,  the  joints  stop 
at  the  “spany”  ribbons  that  occur  at  the  base  of  the  Pinhead  “riui.” 
This  and  higher  ribbons  are  slickensided ; it  is  thus  clear  that  the 
movement  along  these  ribbons  in  part  relieved  the  pressure  to  which 
these  joints  are  due.  The  joint  diagram  is  shown  on  page  153. 

History  and  development. — This  quarry  has  had  a long  and  inter- 
esting history.  It  was  opened  in  1862  by  John  Brown,  who  operated 
it  until  1883,  when  a 50  year  lease  of  this  and  the  North  Bangor  No. 
2 quarry  (now  filled  with  waste)  was  negotiated  with  Abraham  Thomp- 
son of  Newark,  N.  J.,  the  main  shareholder  in  the  newly  created  North 
Bangor  Slate  Mining  & Manufacturing  Company.  Thompson  was  in 
serious  financial  difficulties  wdien,  in  1887,  he  arranged  a personal 
loan  from  Benjamin  Atha  and  E.  A.  AVilkinson,  who  increased  their 
investment  until  they  wTre  themselves  heavily  interested  in  the  leased 
quarries.  Atha  and  AVilkinson  finally  took  over  the  management  of 
the  operations  under  the  name  of  the  North  Bangor  Slate  Company. 
In  1913  the  com])any  was  reorganized  and  the  entire  interest  was 
sold  to  Albert  Strunk,  D.  II.  Keller,  and  AVm.  H.  Smith  of  Bangor, 
the  present  owners.  Capital  stock  valued  at  $60,000  has  been  issued 
by  the  company.  The  ownership  of  the  property  is  vested  in  the  John 
Brown  Estate. 

The  qnarry  is  now  worked  with  the  aid  of  cables  from  four  masts 
along  the  northwest  side  near  the  west  corner.  Two  other  masts  are 
near  the  north  corner  on  the  same  side,  but  are  not  now  in  use.  A 
sketch  map,  not  drawn  to  scale,  is  presented  to  show  the  arrangement 
of  the  mill  and  works  (Figure  35). 
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Fif?uro  ttn.  Sketch  plan  of  iiiill,  (luiii|is,  ami  (piarric'S  of  tli<‘  North  Itanitor  Slate  Coiiipany. 
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Tlie  mill  is  well  equipped  with  six  saws,  four  planers,  two  rubbing 
boards,  a multiplediead  buffer,  a carborundum  wheel  used  as  a saw, 
and  tAvo  AAdietstones.  The  planers  on  one  side  of  the  mill  are  arranged 
between  the  saws.  In  front  of  the  mill  tAvo  large  buck  saAA's  are  utilized 
to  cut  up  the  beaA’iest  pieces.  A boom  and  grapple  bandies  the  large 
slate  blocks.  The  Avaste  AAdien  from  the  North  Bangor  No.  3 quarry 
is  partly  tbroAA’u  into  the  old  bole  to  the  east  of  the  present  AAmrk- 
ings,  and  partly  oATr  an  incline  to  the  north  of  the  roofing  slate  stock 
]Aile.  The  AA^aste  from  the  shanties  is  dropped  doAvnbill  to  the  AA'cst. 
These  dump  locations  are  sboAvn  on  Figure  35. 

Roofing  slate  is  stored  outdoors. 

Of  special  interest  here  is  the  yield  of  school  slate.  This  is  made 
from  thin  beds  of  a color  someAAdiat  darker  than  that  of  most  Bangor 
slate.  The  stone  is  trimmed  to  small  sizes  AA’ith  a rapidly  rotating  saAV, 
square  in  shape,  with  a large  triangular  tooth  at  each  corner  of  the 
square.  The  standard  sizes  are  4 by  6 inches  and  9 by  13  inches.  For 
a description  of  the  teclmologj^  of  the  manufacture  of  school  slate, 
see  the  section  on  school  slate. 

Another  feature  of  interest  at  this  quarry  AA’as  the  attempt  by  the 
manager,  Wm.  II.  Smith,  to  train  slaters.  The  number  of  older 
Avorkmen,  many  of  whom  were  taught  in  Wales,  is  gradually  diminish- 
ing and  no  one  is  left  to  take  their  places.  The  effort 'was  made,  there- 
fore, to  attract  boys  during  the  Ancation  and  to  giAT  them  the  necessary 
skill  that  they  might,  at  the  age  of  eighteen,  become  splitters  and  trim- 
mers. The  experiment  has  been  less  fruitful  than  expected,  but  is 
also  being  undertaken  in  some  of  the  Pen  Argyl  quarries  and  will, 
it  is  hoped,  proAT  helpful  ultimately  in  overcoming  difficulties  created 
by  the  di Aversion  of  labor  into  other  industries  Avhere  a shorter  ap- 
prenticeship is  required.’”® 

Besides  school  .slate  all  types  of  slate  products — roofing  slate,  sani- 
tary and  structural  material,  blackboards,  and  electrical  slate — are 
yielded  by  this  quarry. 

21.  r.ANGOR  UNION  QUARRY. 

Location  and  dime^isions. — This  opening  is  a quarter  of  a mile 
north  and  500  feet  east  of  the  post  office  at  Bangor.  It  is  roughly 
rectangular  and  550  by  400  feet  in  size,  with  its  longer  dimension  north- 
east. Its  greatest  depth  now  is  230  feet,  but  it  has  been  largely  filled 
Avith  Avaste.  Stripping  is  beginning  to  develop  a smaller  hole,  25  feet 
deep  (1923),  continuous  with  and  along  the  soutliAve.stern  edge  of  the 
larger  opening.  The  property  line  betAATen  this  and  the  North  Bangor 
quarry  lies  generally  along  the  sharp  AA'all  Avhich  separates  the  tAVO 
main  openings. 


loy  further  details  in  rej,B'ird  to  this  interestinjr  subject,  see  Sanger.  A.  G.  : “Back  to 

School’'  ii;  The  Jioofing  Slate  Industry,  Kock  Products,  Vol.  XXVI.  p.  30,  1923. 
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The  principal  dump  of  the  Bangor  Union  is  built  toivard  the  north- 
east and  north  of  the  hole;  the  slate  ivaste  must  be  hauled  thither  by 
rail.  Some  iva.ste  is  also  throivn  into  the  large  opening  of  the  Bangor 
Union,  which  is  now  no  longer  worked. 

Geology. — Glacial  material  20  feet  or  less  thick  is  seen  above  the 
slate.  This  quarry  is  in  beds  lying  stratigraphically  just  below  the 
strata  exposed  in  the  North  Bangor  quarry  and  slightly  farther  east 
along  the  strike,  so  that  the  beds  and  structure  in  the  Bangor  Union 
may  be  said  to  begin  where  those  of  the  North  Bangor  leave  off.  The 
.strata  at  the  surface  dip  20°S.,  with  strike  averaging  N.70°E.;  100 
feet  below  the  surface  they  strike  N.34°E.,  dipping  13°  N.  in  the  south 
corner  of  the  quarry.  The  syncline,  resembling  in  appearance  that  of 
the  North  Bangor  quarry,  is  cut  by  the  somewhat  curved  quarry  wall 
in  the  northwest  edge  of  the  opening.  The  strike  of  the  axis  is  about 
N.65°E.  This  “tight”  fold  with  some  slight  undulations  in  the  axial 
plane,  produces,  when  cut  by  the  southwest  quarry  wall,  the  appear- 
ance of  a wedge  with  a very  sharply  pointed  apex. 

The  slate  in  the  southwest  wall  of  the  opening  includes  three  big 
beds,  which,  in  the  order  named  are,  from  top  to  bottom,  the  Bangor 
Union  big  bed,  the  Black  Eibbon  big  bed  (also  called  the  Balmoral  big 
bed)  and  the  Thirteen  big  bed.  The  same  order,  obviously,  holds  from 
north  to  south  at  the  surface. 

The  cleavage  strike  varies  greatly,  but  is  generally  N.60°AV.,  with  a 
southward  dip  of  less  than  10°.  Grain  trends  N.50°AV.,  and  is  vertical. 
Beneath  the  axial  plane  of  the  fold,  joints  striking  N.50-55°E.  are 
seen  dipping  vertically.  Near  the  axis  joints  striking  N.60-70°E., 
are  developed,  apparently  of  the  same  system,  also  vertical  and  gen- 
erally tangent  to  the  beds.  These  are  complementary  with  a set  of 
N.65-90°AY.  joints,  which  branch  off  from  the  northeast  striking  joints. 
A third  set  strikes  N.10-35°AY.,  wuth  vertical  dips ; these  are  small, 
and  apparently  tensional  products  at  right  angles  to  the  line  of  com- 
pression  expressed  by  the  N.60°E.  joints.  There  are  thus  three  systems, 
all  vertical  and  striking  respectively ; (1)  N.50-70°E.,  (2)  N.65-90°AY., 
(3)  N.10-35°AA".  This  yields  a pattern  closely  resembling  that  of  the 
Old  Bangor  cpiarry  (see  Plate  XXII,  p.  153). 

History  and  development. — This  quarry  was  opened  about  1870; 
from  then  irntil  1890  it  was  operated  as  the  Elmira  quarry.  It  was 
then  taken  over  by  the  Auld  & Conger  Company  of  Cleveland,  Ohio. 
Its  present  manager  is  Air.  0.  Seager  of  Bangor,  who  operates  the 
quarry  for  the  company. 

Five  masts  serve  the  quarry,  the  cables  being  anchored  on  the 
southwestern  side.  AYhen  the  quarry  was  visited  in  1923  four  shan- 
ties were  in  operation,  although  a short  idleness,  due  to  a partial  cave- 
in,  had  reduced  the  work.  As  many  as  ten  shanties  were  working  be- 
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fore  the  cave-in,  it  is  said.  The  new  hole,  on  the  southwestern  side, 
was  jnst  being  opened  in  1923.  This  now  yields  all  the  slate  produced 
on  the  property. 

The  princii^al  yield  is  roofing  slate,  bnt  much  milled  slate  is  also 
prodnoed.  A small  but  well-equipped  mill  is  in  operation,  with  two 
rip  saws,  two  buzz  saws,  three  planers,  a rubbing  bed,  and  a drill 
press.  One  of  the  riiisaws  is  mounted  in  series  with  the  buzz  saw 
and  planer  on  one  side  of  the  factory.  A hand  operated  crane,  mounted 
on  an  overhead  track,  connects  this  saw  with  the  planer  on  the  opposite 
side  of  the  mill ; the  saw  can  thns  be  Tised  for  recutting  irregnlarly' 
planed  blocks.  Another  crane  is  mounted  on  a carriage  supported 
by  two  overhead  tracks,  one  along  each  side  of  the  mill.  This  permits 
movement  of  large  blocks  doAvn  the  length  of  the  building.  These 
Avere  the  only  cranes  for  moAung  slate  in  the  factory  seen  in  the  Bangor 
district  in  1923. 

22.  RANGOK  tVASHINGTON  QUARRY. 

Location  and  dimensions. — The  0]-)ening  is  1200  feet  northeast  of  the 
Bangor  post  office,  on  the  east  side  of  the  state  higliAA-ay.  It  measures 
225  by  400  feet,  the  longer  dimension  being  in  the  nortliAvest  direction. 
These  measurements,  hoAvever,  are  based  on  observations  in  the  early 
summer  of  1923.  In  1924  a considerable  area  to  the  northeast  of  the 
old  hole  had  been  strijAjied  of  its  OATrburden  and  progress  Avas  made 
toAvard  ojiening  a neAV  hole  in  this  stripped  area. 

The  old  quarry  AAms  filled  Avifh  Avater  except  for  a short  time  in  1924. 
xVt  pre.sent  the  slate  sIioaaas  for  15  feet  or  so  above  Avater  level,  although 
the  opening  must  be  quite  deep  IieloAA-  this,  to  judge  by  the  dump. 

The  AA’aste  Avas  formerly  hauled  uphill  to  the  southeast  by  cable 
car.  Ecoiiomj^  of  effort  might  be  achieA'ed  by  dropping  it  into  the  old 
opening. 

Geology. — The  OATrbnrden  is  lieaAQL  consisting  of  sand,  boulders,  and 
clay,  originally  glaciated  material  laid  doAAm  presumably  by  a stream. 

The  beds  exposed  in  the  old  pit  AA’ere  mainly  those  on  either  side 
of  the  Gray  bed,  AA'hich,  it  is  said,  Avas  to  be  seen  near  the  middle  of 
the  northeastern  side  of  the  hole.  The  beds  here  are  on  the  loAA'er  (i.e., 
originally  the  north)  limb  of  the  recumbent  syncline  described  in  the 
Old  Bangor  qnarry.  The  upper  (or  south)  limb  has  been  Avorn  aAvay. 
leaving  the  beds  practically  vertical  along  the  southeastern  Avail  of 
the  quarry,  but  AA’ith  a rapidly  declining  dip  to  the  north  as  the  north- 
west Avail  is  approached.  The  southeast  Avail  of  the  quarry  is  thus  on 
the  axis  of  the  fold  at  the  surface.  In  general,  the  strike  of  the  beds  is 
N.50-60°E.  Cleavage  planes  Avere  not  accessible,  but  appeared  to  dip 
gentlj"  south  Avith  the  same  strike. 

Prominent  joints  seen  in  the  southeast  corner  strike  N.68°E.  and  dip 
45°S. 
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Uisfor]i  and  development. — The  quan-y  is  o])erateil  hy  tlie  hSano'or 
AVashino'ton  Slate  C’ompany.  Tlie  land  is  a part  of  the  Alhei-t  Stnink. 
J.  8.  Strunk,  and  Margaretta  L.  i\Ioyei-  Estates.  Slate  was  first  quar- 
ried here  l)y  Phili])  Lal)ar  in  The  iiro]>erty  was  then  sold  to 

Fulmer  and  Wagner,  who  woi-ked  the  (piarry  for  a short  tinus  After 
ten  years  of  idleness  Albert  Sti-unk,  J.  S.  Strunk,  and  Joseph  K.  llns- 
hand  leased  the  (jnarry  under  the  name  of  Strunk  Pi'others  and  IIiis- 
l)and,  continuing  to  make  slate  until  1905.  At  this  time  J.  S.  iMoyer 
& Company,  operators  of  the  Old  P>angor  quarry  l)ought  the  quarry. 
In  1907,  the  Bangor  Washington  Slate  Conqmny  was  fornuHl  with 
Albert  Strunk,  J.  S.  Strunk  and  J.  S.  iMoyer  as  the  prinei])al  stock- 
holders. 0]ierations  are  now  in  the  hands  of  this  company. 

The  quarry  is  now  being  worked.  Four  shanties  were  busy  im- 
mediately after  the  strike  in  1924.  The  slate  is  lunded  up  the  incline 
or  taken  l)y  cable  directly  to  the  landing  on  the  southeastern  side  of 
the  opening.  Two  cables  are  in  ])laee. 

For  many  years  roofing  slate  and  school  slate  were  made,  hut  as  the 
school  slate  industry  declined  this  ])hase  of  ])rodm/tion  was  discontinued. 
Since  18!)5  only  roofing  slate  has  been  ])roduced. 

23.  NOUTIIAMPTOX  QT'AKRV. 

lajcation  and  dimensions. — This  (piarry  lies  apart  from  the  other 
openings  of  the  Bangor  Group.  It  is  situated  about  one  and  one-half 
miles  north  of  the  Ifangor  jiost  office  and  less  than  a mile  from  the  little 
town  of  Koseto.  It  is  connected  hy  rail  with  the  Lehigh  and  New  Eng- 
land Raili-oad  to  the  west. 

The  ojiening,  about  250  feet  square,  is  roughly  in  the  form  of  a 
parallelogram,  with  two  of  the  sides  1 tearing  northwestward. 

It  is  worked  in  two  levels  and  when  studied  was  being  striiiped  in 
the  northeast  corner  to  form  a third  level  as  well.  The  lowest  workinu’ 
level  has  a depth  of  230  feet  below  the  surface  in  the  sum]),  while  at 
the  highest  portion  of  the  iip])er  level  the  excavation  is  00  feet  deej) 
and  oecuines  the  northwestern  ]tart  of  the  hole. 

The  dump  is  built  up  mainly  to  the  south  along  the  margins  of 
the  opening. 

Geolof/fi. — The  slate  in  the  northern  corner  is  covered  with  an  over- 
burden of  twelve  feet  of  glacial  clay  and  lioulders.  The  latter  are 
partly  well  faceted;  even  some  striated  boulders  were  seen.  In  the 
western  corner  a similar  overburden  shows,  but  here  is  fhinuer  (eight 
feet)  and  more  gravelly. 

In  general  this  (juarry  shows  lieddfng  standing  almost  vertical  at 
the  surface,  but  decreasing  in  dij)  with  increased  (bqitli : this  decrease 
is  accompanied  by  a reversal,  for  at  the  surface  the  beds,  if  not  uj)- 
right,  dip  northward,  while  below  they  dip  southward.  The  average 
of  six  strike  observations  at  various  levels  is  N.58°E;  as  this  is  also 
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approximately  the  mean  on  each  separate  level,  it  may  be  assumed 
that  there  is  no  torsion  in  azimuth  of  the  axis  of  the  major  fold  shown 
in  this  quarry. 

The  fold  thus  seen  is,  so  far  as  exposed  in  the  quarry  wall,  very 
“open,”  with  but  little  thickening;  along  the  axis. 

There  is  much  dispute  in  regard  to  the  correlation  of  the  beds  ex- 
posed. Among  the  quarrymen  generally  it  is  believed  that  the  slate  is 
of  the  Diamond  “run”  in  the  Pen  Argyl  beds.  This  belief  rests  on 
tAvo  obseiwations : first,  the  slate  is  “soft”  and  easily  shattered,  resembl- 
ing in  this  respect  the  beds  AAmrked  in  the  Diamond  “run”  at  Pen 
ArgA’l : second,  the  observer,  standing  on  the  dump  betAveen  the  old 
Diamond  and  the  United  States  quarries  at  Pen  ArgA’l  and  sighting 
eastAvard  in  line  Avith  the  compass  direeition  of  the  outcrop  of  the 
Diamond  “run”,  is  looking  in  the  general  direction  of  the  Northampton 
quarry.  Against  these  two  lines  of  evidence,  other  facts  may  be  cited. 
First,  it  is  apparently  true  that  all  slate  so  far  encountered  lying 
north  of  fthat  is,  above)  the  beds  opened  in  the  Diamond  quarry  at 
Pen  Argyl  is  “softer”  than  that  Ioaati’  doAvn  in  the  sequence;  thus,  the 
slate  in  the  Fidelity  and  West  Bangor  quarries  is  of  this  character. 
Second,  there  is  no  actual  correlation,  bed  for  bed,  betAveen  the  se- 
quence in  the  Diamond  “run”  and  that  in  the  Northampton  quarry. 
Accurate  measurements  of  the  sequence  in  the  Doney,  New  Diamond, 
and  Parsons  quarries,  compared  with  those  in  the  Northampton,  do 
not  clearly  established  any  correlation.  Third,  there  is  good  evidence, 
as  Avill  be  seen  from  Avhat  is  said  beloAv,  in  the  description  of  the  Pen 
Argyl  quarries,  that  the  beds  tal?e  a marked  nortliAvard  turn  as  they 
approach  Roseto  from  Pen  ArgAd ; if  anything,  therefore,  sighting  east- 
Avard along  the  strike  of  the  beds  at  Pen  ArgAT  is  almost  certain  to 
carry  one  into  loAver,  more  southerly  beds. 

i\Ir.  Spry  of  Bangor,  on  the  other  hand,  assigned  the  beds  of  the 
Northampton  quarry  to  the  Acme  “run”  as  exposed  in  the  Acme  quarry 
at  Alpha,  west  of  Pen  Argyl.  Certainly  as  much  can  be  said  in  de- 
fense of  this  position  as  of  the  one  more  commonly  held.  The  measure- 
ments, in  the  opinion  of  the  Avriter,  faA’or  this  correlation  if  any.  The 
big  bed  exposed  near  the  south  edge  of  the  loAvest  Avorking  IoatI  in  the 
Northampton  quarry  Avould  correspond  to  the  second  big  bed  from  the 
south  edge  of  the  Acme  Quarry’s  top  piece.  If  this  correlation  is  cor- 
rect, the  Northampton  property  should  contain  the  Albion  beds  and  a 
trench  cut  sixty  feet  at  right  angles  to  the  strike  from  the  northwest 
edge  of  the  present  hole  should  just  strike  the  Hard  Front  big  bed. 

The  data  so  far  obtained  do  not  finally  establish  the  correlation  be- 
tAveen the  beds  in  this  and  other  quarries. 

Three  big  beds  are  Avorked  in  this  quarry.  On  the  upper  level  a bed 
82  inches  thick,  yielding  a length  of  86  inches  along  the  cleavage  and 
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witli  a thickness  of  33  im-lies  of  “hard  roll",  is  profitably  worked. 
Farther  south  and  on  the  lower  level  are  other  big  beds,  the  northern 
having  a thickness  of  64  inches,  with  a D inch  “hard  roll",  the  second 
with  a 97-inch  thickness  and  a "hard  i-oll " of  15  inches.  Of  the  three 
big  beds  enumerated,  the  northern  (upper)  corresponds  most  nearly 
to  the  Red  bed  of  the  Diamond  “run",  if  it  is  to  be  at  all  correlated 
with  a bed  of  the  Pen  Argyl  group.  It  bears  a consi)ieuous  “hard  roll,” 
in  Avhich  the  cross-bedding  has  a marked  westward  dip. 

The  cleavage  strikes  X.67-75°E.  in  all  observations:  its  dip  varies 
from  13-18°S.  The  grain  trends  X.50°W.,  and  is  vertical  or  nearly 
so. 

The  jointing  in  this  quarry  follows  two  general  systems,  one  trend- 
ing X.60°E.,  with  dips  of  45-50°  X’.,  the  other  X".60°W..  with  south- 
ward dips  of  45°.  The  northea.st  joints  are  the  more  conspicuous.  One 
of  the  northwest  joints  bears  lenticnlar  depressions  similar  to  those 
of  the  Bangor  Central  and  other  quarries,  but  in  this  instance  they  are 
not  pyrite-filled.  A minor  .system  of  closely  spaced,  irregular,  roughly 
northward  trending  joints  was  seen  in  the  upper  level,  merging  in 
many  instances  with  the  grain  jilanes  so  that  grain  and  joints  are  in- 
distinguishable. A few  small  calcite-tilled,  X.50°E.  joints  with  vertical 
planes  are  seen  here  also. 

This  quarry  shows  several  unusual  features.  There  is  a thick  cal- 
careous and  chloritic  stratum  near  the  middle  of  the  northeast  wall  of 
the  quarry  on  the  lowest  level.  This  consists  in  detail  of  two  calcareous 
beds,  each  about  an  inch  wide,  heavily  fractured  and  separated  by  a 
chloritic  layer  which  reaches  a maximum  thickness  of  two  inches.  The 
chloritic  band  narrows  here  and  there,  whereupon  the  two  calcareous 
bels  come  together,  separating  again  as  the  chlorite  widens.  It  is  as 
though  there  had  been  deposited  two  beds  of  limey  sediment  with  a 
layer  of  calcareous  mud  of  varying  thickness.  This  was  all  folded 
while  under  sufficient  overburden  to  be  ])lastic ; at  that  time  the  cal- 
careous beds  were  broken  and  faulted  and  the  muddy  sediment  squeezed 
to  thicken  here  and  thin  there,  expanding  in  the  places  where  the  pres- 
sure tending  to  bring  the  calcite  beds  together  Avas  less  than  elseAvhere. 
The  development  of  cleavage,  the  fracturing  of  the  calcite  and  the 
pouring  of  the  calcareous  muds  into  the  “swells"  betAveen  the  calcare- 
ous beds, — these  Avere  all  effects  of  one  and  the  same  deformation,  as 
may  be  seen  at  a glance  in  Plate  XXV,  B. 

In  the  northeast  AA'all  there  is  a bedding  slip  fault,  similar  to  that 
described  in  the  Xcav  Peerless  (Bangor  Vein)  quarry.  In  this  instance 
joints  are  again  dcA'cloped  along  the  fault  and  the  cleavage  has  been 
severely  distorted,  making  quarrying  immediately  along  the  fault 
plane  not  only  profitless  but  dangerous.  A discussion  of  this  type 
of  faidt  has  already  been  giA'en  (see  p.  66).  Although  the  feature 
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mentioned  adds  expense  to  the  operations,  the  slate  thirty  feet  north 
and  sontli  of  tlie  fanlt  jdane  seems  Avholly  acce])table  as  strnetural 
material.  The  fanlt  is  illustrated  in  Plate  XXIV,  B. 

TIisfor]/  avd  deveIop;menf. — Tlie  Northampton  qnari\y  was  opened 
by  Solomon  Plory  in  about  1885,  in  partnershiji  with  J.  Featherman 
and  several  citizens  of  Wilkes-Barre.  In  1896  the  interest  pa.ssed  into 
the  hands  of  the  Northampton  Slate  Company,  but  this  organization 
failed.  In  1898  the  present  owners,  under  the  name  of  the  New 
Northampton  Slate  Company,  took  over  operations.  The  N’ew  North- 
ampton Slate  Company  leased  the  ])roperty  to  the  American  Slate 
Company  for  ten  years,  the  lease  ex]nring  in  1909,  when  it  was  taken 
up  by  the  llamman  Slate  Company.  The  latter  failed  in  1923;  in  the 
same  year  William  Smith,  re])resenting  the  North  Bangor  Slate  Comp- 
any, leased  the  property,  and  it  is  this  organization  which  now  oper- 
ates the  quarry. 

Pour  cables  serve  the  hole.  There  are  the  usual  power  house,  ma- 
chine shop,  and  office.  A well  equipped  mill  is  situated  to  the  south  of 
the  opening.  This  is  furnished  with  machinery  arranged  so  that  a 
eom]ilete  series,  consisting  of  buck-saw,  planer,  rip-saw,  and  planer,  is 
present  on  each  side  of  the  factory,  the  buck-saws  being  nearest  the 
door.  Pivoted  vertical  masts  with  booms  permit  the  swinging  of  large 
blocks  from  one  machine  to  the  next  in  the  series.  Two  rubbing  beds, 
an  accessory  ri]vsaw  for  trimming,  a carborundum  Avheel,  and  a mov- 
able single-headed  buffer  complete  the  equipment.  An  accessory,  excep- 
tionally large  boom  is  mounted  in  front  of  the  mill,  and  near  it  is  a 
large  buck-saw  on  which  the  heavier  lilocks  are  cut  in  two  to  facilitate 
handling.  Blackboard  and  mill  slate  stock  houses  are  in  the  rear  of 
the  mill. 

The  ]iroducts  are  blackboards,  millstock,  and  roofing  slate.  All  three 
of  the  big  beds  are  used  for  blackboards.  Electrical  .slate  comes  largely 
from  the  big  beds  and  from  several  small  beds  close  to  the  northern- 
most of  these. 

24.  SHAFT  ON  RLAKE'S  rROl’ERTY. 

Location. — This  opening  is  on  the  Blake  farm,  about  half  a mile 
Avest  of  the  Bangor  post  office  and  TOO  feet  south  of  the  Bangor-Pen 
Argyl  higliAvay. 

This  is  a small  vertical  shaft  said  to  have  been  snnk  to  a depth  of 
about  60  feet.  Several  smaller  shafts  Avere  dug  in  this  lot,  but  only  one 
struck  slate. 
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PLATE  XXV 
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xV.  Northeast  wall  of  the  North  P>iiiisor  (inarry,  woi-kiiis;  level.  To  show  coii- 
tra.st  between  blasted  (roiijih)  and  channelled  (smooth)  surfaces. 


E.  Vlinntely  fractnred  ealciU'eons  lied  on  noi'theast  wall,  lowest  level  ot  the 
Northainiiton  qnarry. 
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Geology. — As  the  -vvalLs  of  this  shaft  had  caved  in,  the  slate  Qould  not 
lie  examined.  The  following  account  is  pieced  together  from  informa- 
tion obtained  from  several  sources. 

After  passing  through  a great  thickness  of  glacial  sand  and  boulders 
(eiddently  terminal  moraine  material),  slate  was  struck.  The  beds 
found  are  said  to  have  been  about  tbe  bottom  of  the  Bangor  “run”; 
it  is  said  that  the  9-Foot  big  bed  conld  be  identified.  The  cleavage 
dipiied  south ; blocks  of  the  slate  found  on  the  surface  were  properly 
oriented  (assuming  a grain  strike  of  N.40°W.)  and  the  bedding  strike 
was  thus  determined  to  be  N.70°E. ; the  exact  inclination  of  the  bedding 
could  not  be  determined,  but  it  is  gently  northward. 

AViiid  Gai) — Pen  Ai'g>  l Group 
Sr.MAIAUY. 

The  cpiarries  of  the  AYind  Gap  and  Pen  Argjd  group  center  around 
and  secure  their  supplies  from  these  two  towns.  Pen  Argyl  is,  in  fact, 
primarily  built  on  the  slate  industry,  although  the  shops  of  the  Lehigh 
and  New  England  Railroad  at  Alpha  absorb  some  labor  from  the  town 
in  normal  times.  A fcAv  of  the  quarries  that  lie  nearer  the  outskirts  of 
this  natiiral  grouping  might  normally  trade  in  Bangor  or  Factoryville. 

Like  the  quarries  of  the  Bangor  group,  the  operations  at  AYind  Gap 
and  Pen  Argyl  are  in  the  soft  belt.  The  npper  portion  of  the  upper 
member  of  the  Alartinsburg  is  called  the  Pen  Argyl  beds,  from  the  fact 
that  it  is  exposed  in  the  quarries  in  this  group.  The  minor  subdivisions 
or  “runs”  are  named  after  the  older  quarries  at  Pen  Argyl,  hence 
such  names  as  Acme,  Phoenix,  Albion,  Diamond,  and  United  States 
“rnns”.  This  strip  of  Pen  Argyl  beds,  including  the  runs  mentioned 
and  others,  is  readily  identified  at  the  Albion  Bangor  quarry  and  can 
be  traced  eastward,  in  a nearly  straight  line,  with  only  slight  flexures, 
as  far  as  the  Jackson  Bangor  No.  5 (A'alley)  quarry.  Farther  east 
the  correlations  are  either  uncertain  or  the  statements  of  old  quarry- 
men  must  be  accepted,  in  the  absence  of  accessible  quarries  in  which 
the  beds  can  be  measured.  Thus  the  correlation  of  the  beds  in  the 
Northampton,  New  York,  and  Hoboken  quarries,  of  the  Bangor  group 
of  quarries,  is  in  doubt. 

AAYre  the  correlations  merely  a matter  of  sighting  eastward  or  west- 
ward along  the  strike  of  the  “ril)bons”  or  beds,  it  would  not  be  difficult 
to  establish  the  exact  stratigraphic  position  of  a quarry  site  in  advance 
of  operations.  But  in  the  quarries  of  this  group  the  effect  of  topogra- 
phic elevation  on  the  outcrop  of  a bed  is  again  a complicating  factor, 
for  the  strata  are  thrown  into  folds  which,  though  open,  nevertheless 
attain  di]is  as  low  as  30°  on  the  limbs  (see  Plate  XXA^I). 
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From  the  Albion  l^angor  eastward  to  the  Tinsman  quarry  it  is  ap- 
parent that  the  surface  structure  on  which  the  greater  part  of  the  open- 
ings are  located  is  tlie  nortli  limb  of  an  overturned  anticline  the  axial 
jdane  of  which  di]is  south.  From  the  Phoenix  to  the  Acme  and  Alpha 
quarries  the  strata  exposed  at  the  surface  dip  north  on  the  south  limb 
of  a syncline.  In  the  Doney,  Diamond,  Albion  Vein,  Albion,  and  Jack- 
son  Bangor  No.  7,  6,  and  5 pits  the  strata  dip  southward  at  the  sur- 
face. In  some  quarries,  such  as  the  Albion  Vein,  several  small  folds 
are  encountered  as  successive  depths  are  attained.  It  is  highly  probable 
that  these  structures  all  pitch  westward. 

The  cleavage  commonly  dips  south,  but  rarely  (as  in  the  Albion 
(piai-ry)  inclines  northward.  It  is  generally  fairly  regular,  although 
in  a few  places,  near  surfaces  along  which  movement  has  taken  place, 
cleavage  planes  are  so  badly  warped  as  to  preclude  the  use  of  the  slate 
affected. 

There  is  faulting  of  various  kinds  in  these  openings.  Bedding  slip 
faults,  already  mentioned  as  occurring  in  .such  ipiarries  of  the  Bangor 
group  as  the  New  Peerless  quarry,  are  found  at  Pen  Argyl;  further, 
an  unusual  type  of  fault  ])lane,  striking  northwest,  dipping  northeast, 
and  along  which  displacements  of  as  much  as  125  feet  in  the  direction 
of  movement  are  recorded,  is  not  nncommon. 

For  the  mo.st  part  .joints  in  these  quarries  strike  approximately 
parallel  with  the  cleavage,  but  no  further  generalizations  can  be  made. 
The  close  resemblance  between  joint  systems  in  quarries  that  lie  near 
each  other  is  noteworthy. 

The  products  of  the  quarries  of  this  group  are  varied,  and  include 
all  the  articles  commonly  made  from  slate.  Quarries  opened  in  beds 
above  the  Pennsylvania  “run”  or  below  the  Albion  “run”  generally 
find  the  jiroduction  of  structural,  electrical,  and  blackboard  slate  more 
profital)le,  and  make  roofing  slate  in  smaller  quantities  only,  if  at  all. 

At  the  time  of  these  studies  seventeen  quarries  were  operating  in 
this  group.  Some  are  very  large,  others  of  only  moderate  size.  The 
district  includes  the  Parsons  opening,  said  to  be  the  deepest  slate 
quarry  in  the  United  States. 

1.  NUNGESSER  OLATtRY. 

Locfttion  und  dimensions. — This  opening  is  on  what  is  known  as  the 
old  Nungf'sser  ])ro])erty  about  two  miles  S.  (10°  W.  from  the  post-office 
at  Wind  Gap  and  about  a quarter  of  a mile  north  of  the  road  from  the 
Jackson  school  to  Horn  Springs.  It  lies  well  back  from  the  road, 
hidden  from  view  in  a field. 

The  opening  measures  50  by  70  feet  and  has  a depth  of  20  feet  to 
water  level  at  its  south  end. 

Geology. — Peneath  a very  shallow  overl'-urden  of  decayed  slate  and 
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STRIKES  OF  JOIXTS  IX  QUARRIES'  XEAR  WIXD  GAP  AXI)  ALPHA 
A.  Albion  Bangor.  B.  Phoenix.  C.  Tinsman.  L>.  Acme.  E.  Done.v. 
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clay  soil,  two  big  beds  and  several  smaller  ones  are  seen.  The  beds  are 
conspicuonsly  sandy.  The  strata  strike  N.53°E.  and  dip  9°S.  at  the 
southern  end  of  the  quarry,  but  the  dip  steepens  to  38°  at  the  north. 
The  cleavage  strikes  N.53°E.  and  dips  more  steeply  than  the  bedding, 
so  that  a southward  overturn  is  actually  suggested. 

Hisfory  a')Hl  development. — This  quarry  was  o]iened  about  30  years 
ago  by  Mr.  Kinney  of  Wind  Gap.  The  property  was  leased  to  an  oper- 
ator from  Tobyhanna  and  the  lease  was  then  sold  to  a farmer.  No 
slate  has  lieen  removed  in  the  last  twentj^  years.  I\rillstock  and  roofing 
material  were  the  products. 

2.  ALP.IOX  BANGOR  QUARRY. 

Location  and  dimensions. — This  quarry  is  the  farthest  west  of  those 
oi)erating  in  the  Pen  Argyl  region.  It  is  half  a mile  west  of  Ris- 
miller  station  on  the  now  abandoned  Lehigh  and  New  England  spur 
Avest  of  Wind  Gap.  In  shajAe  it  is  a rhomboid  Avith  a small  accessory 
opening  along  its  Avestern  side.  The  main  hole  measures  300  by  200 
feet,  the  longer  dimension  extending  northeastAvard.  At  the  south- 
Avest  corner  there  is  a Ioav  section  of  the  quarry  forming  the  bottom 
“piece.”  This  level  is  about  180  feet  beloAv  tbe  surface  of  the  ground. 
To  the  east  and  south  is  a Avell-nigh  continuous  higher  RatI,  from  25 
to  40  feet  aboAT  the  bottom. 

Geology. — There  is  a stril^ingly  heavy  OA'erburden  of  glacial  ma- 
terial above  the  slate,  reaching  a thickness  of  35  feet ; just  beloAV  the 
surface  this  consists  of  unassorted  boulders,  some  of  Avhich  are  fiA'e  feet 
in  diameter.  They  are  mixed  AAuth  clay  and  faceted.  The  loAver  25 
feet  are  finer  material,  Avhich  Avas  not  closely  examined  because  inac- 
cessible but  bore  faint  marks  suggestive  of  stratification. 

The  beds  in  the  northern  corner  of  the  opening  strike  N.70°E.  and 
dip  53°S.  at  the  surface,  but  in  the  southeastern  part  the  dip  steepens 
to  80°S.  at  a depth  of  30  feet  beloAv  the  surface.  It  folloAvs  that  an 
axis  is  l)eing  approached  soutlnvard.  The  dip  of  the  beds  should  thus 
decline  as  thej’  are  traced  doAviiAvard  from  the  surface  along  the 
southern  Avail  of  the  quarry.  In  the  bottom  of  the  present  Avorking 
levels  the  strike  of  the  beds  is  N.  70°  E.  and  the  dip  is  approximately 
43°S. 

This  quarry  apparently  exposes  beds  iiorlb  of  (i.e.,  aboAT)  beds 
of  the  Ncav  Diamond  and  Parsons  quarries.  A thick  bed,  probably 
the  equivalent  of  the  Johnny  Knack  big  bed  of  the  Diamond  “run” 
(see  measurements  made  in  Parsons  quarry),  crops  at  the  surface  about 
ten  feet  north  of  the  soutliAvest  corner.  The  calcareous  ribbon  that  is 
exposed  along  the  nCTtherir  side  of  the  Parsons  quarry,  in  the  Albion 
Bangor  quarry  comes  to  the  surface  about  45  feet  north  of  the  south- 
Avestern  corner.  In  the  Albion  Bangor,  on  the  combined  working 
levels,  about  115  feet  in  actual  thickness  of  beds  are  exposed;  here 
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A.  Folding  and  hcdding-slij)  plane  in  Altnon  (piarry,  as  seen  from  the  middle 
of  the  southwest  side.  The  bedding  slip  plane  is  at  the  northeast  ( left ) edge. 


B.  Northeast  wall  and  3S0-foot  level  of  the  Parsons  quarry.  Regular  joints 
are  seen  on  the  northwest  (left)  wall,  which  is  formed  Iiy' a “loo.se  rilibon.” 
Photograph  liy  Bliss,  Easton.  Pa. 


184 


SLATE  IN  XORTHAMl'TON  COUNTY 


PLATE  XXIX 


STRIKES  OF  JOINTS  IN  QUARRIES  NEAR  PEN  ARGYL 


A.  New  Diamond.  B.  Albion,  Keenan  half.  C.  Albion,  Stephens- Jackson 
half,  bottom.  D.  Albion,  Stephen-Jackson  half,  upper  part.  E.  Parsons,  top 
piece.  F.  Albion  Vein. 
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are  mainly  strata  not  sliOAvn  in  other  operating  quarries.  There  are 
included  in  this  sequence  seA^eral  big  beds,  of  AAhich  the  most  conspic- 
uous is  on  the  loAvest  “piece”;  this  measures  fiA'e  feet  in  thickness 
AA'ith  an  additional  four-inch  sandy  layer  at  the  southern  lloAA’er)  end. 

The  cleaA'age  strikes  about  X.73°E.,  and  dips  18-25°S.,  a rather 
high  angle.  Grain  trends  N.47°W.  and  is  generally  A’crtical. 

The  joints  in  this  quarry  haA'e  a conspicuous  easterly  direction  and 
either  parallel  the  strike  or  form  small  angles  AA'ith  it,  dipping  gently 
nortliAA'ard.  The  diagram  (Plate  XXA'II,  A)  clearly  shoAvs  their  gen- 
eral parallelism.  These  joints,  together  AA'ith  the  cleaA’age  openings, 
serA'e  as  courses  for  AA-ater,  although  some  AA'ater  also  enters  through  the 
loose  ribbons,- — openings  formed  along  calcareous  beds. 

History  and  development . — This  quarry,  also  knoAvn  as  the  Blue 
^Mountain  quarry,  is  iioaa’  OAvned  by  the  Albion  Bangor  Slate  Company. 
It  AA’as  opened  in  1895  by  Tiney  Allen  and  AA'as  operated  until  1905  by 
the  Blue  Mountain  Slate  Company.  It  AA'as  then  purchased  by  the  Al- 
bion Bangor  Slate  Company,  by  AA'hich  it  AA'as  AA'orked  until  1924.  In 
that  year  both  main  stockholders  died,  and,  as  operations  had  not  been 
profitable,  a reeeiA'ership  AA-as  appointed.  The  property  AA'as  offered  for 
sale  in  1924,  since  Avhen  its  history  has  not  been  folloAA'ed. 

The  quarry  is  equipped  AA’ith  three  masts,  aa'cII  mounted  in  concrete. 
A small  mill  is  on  the  dump  south  of  the  quarry.  This  building  houses 
tAA'o  of  each  of  the  folloAA’ing, — buck-saAA',  rip-saAA',  and  rubbing  bed. 
There  are  three  planers,  a Pollard  carborundum  Avheel  for  cutting 
and  beA'elling,  and  a small  emery  AA'heel  for  sharpening  saAA's  and  planer 
kniA’es.  The  usual  practice  of  placing  a heaA-y  buck-saAA-  and  a large 
boom  Avitli  block  and  tackle  outside  the  door  of  the  building  is  folloAA’ed. 
The  machinery  is  driA-en  by  Iaa'o  jiarallel  .shafts  of  AA'hich  one  is  linked 
directly  to  the  poAA^er,  AAdiile  the  other  is  connected  to  the  first  by  a 
belt. 

The  yield  in  the  past  has  included  electrical,  roofing,  and  structural 
slate,  as  AA’ell  as  blackboards.  In  recent  years.  hoAA'CA'er,  structural 
material  alone  has  been  produced. 

.3.  ARA'OX  QUARRY. 

Location  and  dimensions. — This  opening  is  separated  from  the  Albion- 
Bangor  quarry  just  described  by  a strip  of  ground  only  30  feet  AA'ide. 
The  opening  is  about  200  feet  Avide  and  400  feet  long,  the  greater 
dimension  extending  nortliAA-estAvard  parallel  to  the  grain  of  the  slate. 
The  deepest  point  of  the  hole  is  130  feet  beloAA'  the  .SAirfaee  at  the 
base  of  the  masts.  All  AA'alls  except  that  to  the  nortliAA'est  are  .sheer, 
but  the  latter  has  a gentle  soutliAA'ard  slope  so  that  the  bottom  of  the 
quarry  has  an  area  only  about  half  the  size  of  the  opening  at  the  sur- 
face. A portion  of  the  original  bottom  of  the  quarry  is  also  filled  by  an 
old  slide  of  rock  Avhich  fell  from  the  northern  AA’all. 
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A dump  is  l)uilt  up  at  the  surface  along’  the  southern  edg'e  of  the 
opening. 

Geology. — An  overl)urden  of  glacial  material  similar  to  that  seen 
at  the  Albion  Bangor  covers  the  slate  here.  It  thins  southward  notice- 
ably along  the  eastern  side  of  the  quarry.  In  the  southeastern  corner 
the  boulders  become  less  conspicuous  and  the  glacial  cover  seems  to 
be  very  tine  clayey  material,  almost  loess-like  in  appearance. 

The  axis  ])redicted  in  the  southerly  part  of  the  Albion  Bangor  open- 
ing actually  becomes  visil)le  in  the  southwestern  corner  of  the  Arvon 
quarry.  Here  the  beds  dip  60°N.,  (estimated)  25  feet  below  the  sur- 
face and  dip  vertically  an  equal  distance  deeper.  The  axis  of  the  fold 
thus  defined  strikes  northeastward  and  dips  south  25° ; along  the 
northern  edge  of  the  quarry,  however,  the  beds  strike  N.74°E.  and 
dip  55°S.  As  the  observer  descends  vertically  he  sees  a progressively 
diminishing  dip  on  this  side  of  the  quarry,  as  might  be  anticipated 
from  the  structure  described. 

The  beds  exposed  are  those  described  in  the  Albion  Bangor  quarry; 
this  is  to  be  expected,  as  the  Arvon  lies  along  the  strike  from  the  other 
opening.  However,  a ])ortion  of  the  workings  of  the  Arvon  must  be 
in  the  same  beds  as  the  to])  “piece’’  of  Parsons  quarry  if  the  cor- 
relation advanced  above  between  the  beds  of  the  Albion  Bangor  and 
Parsons  qnarry  be  correct.  The  ])resent  opening  of  the  Arvon  thus 
exposes  a greater  thickness  than  does  the  Albion  Bangor  quariw.  The 
beds  thicken  notaldy  as  they  approach  the  surface. 

Cleavage  is  fairly  uniform.  It  strikes  N.73°E.,  and  dips  24°S. 
(average  of  four  observations).  Grain  trends  N.38°W.,  and  dips 
75-90  °W. 

The  .joints  observed  fall  into  two  systems.  Of  these  one  is  a set  of 
flat  .joints,  having  average  strike  of  N.70°E.,  and  dipping  6-10°S. 
These  are  commonly  s})oken  as  “floors”  by  the  quarrymen  and  are 
remarkable  in  being  nearly  parallel.  A second  series  strikes  roughly 
east,  and  di]is  45°N.,  but  is  irregular,  yielding  curved,  rather  than 
straight  surfaces. 

A feature  called  “catspavs”  by  the  quarrymen  was  observed  in 
this  quarry.  This  consists  of  surfaces  which  are  very  gently  curved, 
so  gently  indeed  that  they  swell  but  little  beyond  the  cleavage  ]danes 
on  which  they  are  developed.  They  give  the  appearance  of  great 
blisters,  locally  as  much  as  nine  inches  in  diameter,  on  the  fairly 
smooth  cleavage  planes  (see  also  i>.  75). 

Ilistorij  anil  derelopnient. — This  quarry  was  opened  in  1911  by  a 
company  consisting  of  IMessrs.  Ely,  Heipel,  and  Myers,  residents  of 
AVind  Gap.  Later,  incorporation  as  the  Arvon  Slate  Company  was 
effected.  AVhen  visited,  operations  were  under  the  management  of  Air. 
I).  B.  Heller  of  AA'ind  Gap. 
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The  equipment  consists  of  a saw  mill,  with  two  lieavy  saws,  a rip- 
saw, three  planers,  two  rul)l)ing-  Iteds,  a buffer  of  Vei-niont  tyjie,  and  a 
earbonindum  wheel  that  is  used  for  trimming'.  A large  boom  and 
tackle  handle  the  heavier  blocks  outside  the  mill;  within  the  mill  the 
slate  is  trans}mrted  on  a track. 

The  products  are  roofing  slate,  blackboards,  structural  material  and 
a little  electrical  slate.  There  are  generally  too  many  knots  in  the 
slate  to  make  the  production  of  much  electrical  material  practical. 

4.  EXCELSIOR  QUARRY. 

Location  and  dimensions. — This  opening  is  half  a mile  west  of  the 
Wind  Gaj)  post  office  and  some  distance  from  a princii)al  highway.  A 
sjmr  running  from  the  Lehigh  & New  England  Kailroad  connects  it 
with  the  Saylorsburg  Branch  of  that  line. 

The  quarry  is  almo.st  sciuare,  measuring  roughly  200  feet  in  each 
dimension.  In  the  summer  of  1023  it  was  filleil  with  water  to  within 
ten  feet  of  the  surface.  The  depth  below  this  is  not  known. 

Geologij. — The  slate  is  covered  with  two  feet  of  clay  and  boulders. 
Some  of  the  l)Oulders  are  I'ounded,  but  the  rounding  does  not  ap])roacli 
perfection.  Boulders  of  red  sandstone  (High  Falls  or  Catskill),  buff 
sand.stone,  conglomerate,  and  quartzite — the  latter  mainly  from  the 
Shawangunk — are  common  in  the  sui'face  material.  Downward  the 
overburden  jnrsses  gradually  into  clay  bearing  slate  flakes,  and  this  in 
turn  gives  jdaee  to  weathered  but  solid  slate.  The  cleavage  planes  in 
the  latter  tend  noticeably  to  stand  nioi'e  nearly  vertical  as  they  approach 
the  surface,  as  compared  Avith  their  attitude  lower  doAvn, — a circum- 
stance due  to  surface  cree]). 

The  beds  appear  to  strike  in  a direction  approximately  N.45-6o°E,, 
though  these  bearings  are  estimates  only.  The  dip  aA’erages  57°N. 
The  structure  thus  appears  to  repi'esent  a continuation  of  that  seen 
in  the  Aiwon  quarry  in  the  east  wall.  It  seems  certain  that  Avith  depth 
the  beds  Avould  ap]U'oach  a A-ertical  dip,  and  then  gradually  reverse 
until  they  inclined  southward. 

The  most  reasonable  interpretation  of  the  structure  betAveen  this 
opening  and  the  Tinsman  quarry,  in  Avhich  the  (tray  bed  of  the  Albion 
“run”  is  seen,  leads  to  the  conclusion  that  the  operations  in  the  Ex- 
celsior Avere  yielding  slate  from  the  Diamond  “run.”  This  interpreta- 
tion is  in  accord  Avith  the  commonly  ex])ressed  vicAVs  of  quari'ymen. 

The  cleavage  strikes  N.G2°E.  and  dijAs  40°S.  Avhere  accessible  to 
measurement.  The  grain  trends  X.  45°  W.,  and  stands  A'ertical. 

Ilistonj  and  development. — Mr.  John  F.  Hess  of  Easton,  Pa.,  avIio 
is  the  present  OAvner  of  the  property,  states  that  this  cpiarry  Avas  oiier- 
ated  betAveen  the  years  of  B»U0  and  1920  by  Thomas  .Masters,  Jr.  Fpon 
his  death  Avork  ceased,  and  the  quarry  reverted  to  the  heirs  of  the 
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estate.  The  property  consists  of  7.5  acres  of  land.  Three  masts  are 
placed  on  the  landing. 

On  the  dump  sonth  of  the  qnarry  there  are  a boiler  house,  one 
shanty,  and  a factory,  -which  was  not  visited,  Irat  is  said  to  be  well 
erpdpped. 

The  products  included  some  roofing  slate,  as  well  as  blackboard  and 
structural  material. 

5.  PELICAN  QUARRY. 

Location  and  dimensions. — This  qnarry  is  about  half  a mile  east  of 
Rismiller,  on  the  south  side  of  the  main  highway  between  Rismiller 
and  AVind  Gap.  It  measures  roughly  150  by  300  feet  and  is  60  feet 
deep  to  water  level  but  is  probably  much  deeper.  The  large  dump 
is  on  the  south. 

Geologij. — The  overburden  is  not  over  five  feet  and  consists  partly 
of  slate  chips,  partly  of  faceted  or  rounded  glacial  boulders,  set  in 
a clayey  matrix;  no  stratification  is  seen. 

The  beds  opened  are  said  to  have  been  the  Acme  “run”  near  the 
surface,  but  probably,  as  in  the  ease  of  the  Tinsman  quarry,  the  Albion 
“run”  appeared  below  the  present  water  level.  The  strike  and  dip  of 
the  strata  are  N.80°E.  and  39°S.,  but  toward  the  south  there  is  a steep- 
ening to  a dip  of  1:2°S.  Cleavage  strikes  due  east  and  dips  28°S. 
Grain  trends  N.40°AA^.  and  dips  28°S.  Several  N.50-55°E.  joints  dip 
75°N.  at  the  surface,  but  become  more  vertical  with  depth. 

History  and  development. — The  history  of  the  quarry  is  not  known. 
It  was  last  operated  by  the  Plainfield  Slate  Company.  At  present  the 
equipment  includes  a factory  or  mill,  but  no  shanties. 

Judging  by  the  material  on  the  dump,  the  products  were  mill  stock 
and  roofing  slate. 

o.  TINS:»IAN  QUARRY. 

Ijocation  and  dimensions. — This  quarry  lies  about  600  feet  east 
of  that  just  described  and  on  the  north  side  of  the  highway.  It  is  a 
nearly  square  opening,  being  approximately  300  feet  long  in  each  direc- 
tion. The  greatest  depth  is  245  feet ; the  sides  are  all  vertical  except 
that  to  the  southeast,  which  falls  off  steeply.  The  only  working  level 
is  in  the  bottom  of  the  opening. 

Geology. — The  glacial  overburden  varies  from  place  to  place  but 
attains  a maximum  thickness  of  about  15  feet,  though  the  slate  has  de- 
cayed to  yet  greater  depths.  The  drift  is  clayey,  with  boulders  up  to 
1.5  feet  in  diameter. 

This  quarry  is  opened  in  the  Acme  “run,”  but  at  a depth  of  about 
50  feet  on  the  north  wall  the  Gray  bed  of  the  Albion  “run”  appears. 
The  same  recognizable  bed  is  seen  in  the  bottom,  somewhat  south  of  the 
middle  of  tlie  quarry. 

The  structure  in  which  the  opening  is  made  is  the  lower  limb  of  a 
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nortlnvard  overt unieci  anticline  having  an  almost  horizontal  axis.  The 
beds  at  the  surface  strike  X.75°E.,  and  dip  37°S.,  while  in  the  bottom 
of  tlie  nnarry  the  strike  is  N.73°E.  and  the  dip  a decline  in  dip 

with  depth,  Avhereas  the  cleavage  dips  more  gently  than  the  beds.  This 
structure  is  complicated  by  transverse  folding,  however,  for  l)oth  at 
the  surface  and  in  the  lowest  part  of  the  hole,  the  beds  along  tlie  eastern 
wall  strike  X.73-75°E.,  Avliereas  on  the  western  side  they  strike  X'.SS- 
xVs  the  strikes  of  both  beds  and  cleavage  take  this  turn,  there 
is  a suggestion  that  the  transverse  folding  was  accomplished  in  part 
later  than  the  development  of  the  .slaty  cleavage,  possibly  by  much  move- 
ment along  the  open  bedding  planes. 

Cleavage  dips  20°  southward.  The  grain  trends  X.50°'\V.,  and  dips 
uniformly  about  70° E. 

Jointing  was  .studied  with  care  and  it  Avas  found  that  the  joints  do 
not  AA'ell  fall  into  any  single  system,  l)ut  possess  rather  a radial  pat- 
tern, such  as  might  be  expected  if  the  transverse  folding  mentioned 
had  been  induced  more  i*ecently  than  the  cleavage  (see  p.  181). 

Historii  and  development . — This  rpiarry.  also  called  the  Penn- 
Bangor,  Avas  first  opened  by  C.  (Miller  in  1901,  the  company  being  in- 
corporated under  the  name  of  the  Penn  Bangor  Slate  Comjiany.  Tn 
the  same  year  it  Avas  taken  over  by  (M.  L.  Tinsman  and  Company,  the 
chief  stockholders  being  (Messrs.  (M.  L.  Tinsman.  R.  T.  CoAvling,  and  J. 
Rotzell.  In  October,  1921,  after  a protracted  strike  affecting  the  en- 
tire Xorthampton  County  district,  the  business  changed  hands,  oAvner- 
ship  being  transferred  to  Jas.  "\V.  Williams.  Arch.  (M.  Jones,  and  Wm. 
A.  Smith.  The  company  is  capitalized  at  $75,000. 

The  equipment  consists  of  a mill  and  the  usual  quarry  machinery. 
The  mill  has  six  saAvs,  three  planers,  two  rubbing  beds,  and  a grind- 
stone. A mechanical  drill  press  is  used.  Four  shanties  AA’ere  in  opera- 
tion Avhen  the  quarry  AA’as  A'isitetl  in  1923,  one  shanty  being  set  on  the 
leA’el  Avith  the  factory,  so  as  to  utilize  the  refu.se  blocks  directly. 

Tliree  masts  serA^e  the  hole. 

The  production  includes  rooting,  Idackboard,  structural  and  elec- 
trical slate. 

7.  ALLEX  QU-VKRY. 

Location  and  dimensions. — This  opening  is  3,000  feet  almo.st  due 
south  of  the  Wind  Gap  post  office  and  800  feet  east  of  tlie  Xazareth- 
Wind  Gap  liighAA'ay.  The  opening  is  small,  measuring  about  65  by 
50  feet,  and  is  filled  AAuth  Avater,  so  that  only  about  J feet  of  slate  are 
seen.  The  dump  lies  south  of  the  hole. 

Geology. — This  quarry  is  reputed  to  be  in  the  Grand  Central  “run.” 
The  beds  strike  X^.65°E.  and  dip  85°»S.,  Imt  the  dip  flattens  doAA'nAAuird, 
declining  to  60°  in  a A’ertical  distance  of  only  four  feet.  The  suggestion 
is  that  the  exposure  is  on  the  south  limb  of  a nortliAvard  overturned 
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syneliiie.  The  cleavage  strikes  N.80°E.,  and  dii>s  20°S.  The  grain 
trends  N.37°W.,  with  an  eastward  inclination  of  80°. 

History  and  development. — Mr.  Allen,  who  owns  this  property,  says 
that  the  qnarry  was  worked  about  eight  years  ago ; and  was  carried 
to  a depth  of  35  feet.  It  yielded  good  roofing  slate,  tliongh  no  big 
beds  were  found.  0])erations  were  discontinued  because  of  scarcity 
of  labor. 

S.  KINNEY  QUARRY. 

Location  and  dimensions. — This  small  opening  lies  about  1200  feet 
S.80°E.  from  the  Woodley  House  in  Wmd  Ga]).  It  is  approximately 
80  feet  square  and  15  feet  deep  to  the  water  level ; the  upper  5 feet 
are  soil  and  badly  weathered  slate.  It  is  said  to  have  been  35  feet  deep. 

Oeolof/y. — Mr.  Kinney  of  AVind  Gaj),  the  present  owner  of  the  prop- 
erty, who  opened  the  cpiarry,  says  the  l)eds  exposed  were  supposed  to 
be  in  the  North  Bangor  Number  3 “run.”  Two  big  beds  were  en- 
countered, of  which  each  was  12  to  13  feet  “long,”  measured  along  the 
cleavage  plane,  the  two  being  separated  by  18  to  20  feet  of  thin  beds, — 
a sequence  cnrres]mnding  moderately  closely  with  that  of  the  North 
Bangor  No.  3 beds  as  measured  at  Bangor. 

The  dip  of  43 °S.  was  found  to  be  constant  through  the  full  depth  of 
the  quarry,  accortling  to  Air.  Kinney.  The  bed.s  strike  N.70°E.  at  the 
surface.  The  cleavage  .strike  is  N.73°E.,  and  the  dip  is  18°S. ; the 
structure  thus  aj)pears  to  be  on  the  south  limb  of  a syncline  with  south- 
ward dipping  axial  plane. 

History  and  development . — This  quarry  cannot  have  produced  much 
slate.  It  was  opened  aliout  twenty  years  ago  by  Air.  Kinney  and  later 
leased  to  a Air.  Evans  and  his  associates.  There  is  no  machinery  on 
the  property. 

Tlie  production  consisted  wholly  of  roofing  slate. 

!J.  ITIOENIX  QUARRY. 

1. ovation  and  description. — The  Phoenix  quarry  is  about  1,200  feet 
east  of  the  AVind  Gap  highway  and  half  a mile  south  of  Alpha,  as  the 
crow  flies.  It  is  350  feet  long  in  an  ea.sterly  direction  and  about  200 
feet  wide  northward.  The  lowest  level  has  a depth  of  260  feet.  In  its 
western  half  the  quarry  is  worked  on  a sub-level  having  a depth  of  200 
feet.  xV  small  sub-level,  with  a depth  of  190  feet  below  the  surface, 
lies  against  the  southern  side,  near  the  southea.stern  corner  of  the  main 
working  level.  Another  still  higher  level  lies  Avest  of  that  last  de- 
scribed, at  a depth  of  80  feet  beloAV  the  surface. 

The  extensive  dump  parallels  the  quarry  along  its  southern  side. 

Geology. — Cutting  through  an  overburden  of  3 feet  of  Aveathered 
slate  and  till,  this  quarry  is  opened  in  beds  that  lie  south  (i.  e.  under) 
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the  Acme  “run.’’  At  least  tliree  big  lieds  are  found,  eaeh  over  4 feet 
thick. 

At  tlie  surface  the  beds  strike  N.78°E.;  they  dij)  vertically  along  the 
southern  side  of  the  quarry,  (i8°X\V.  along  the  northern  edge.  Down- 
ward the  beds  iisnally  decline  in  dip,  hut  retain  their  northward  in- 
clination, for  in  the  sid)-level  the  dips  are  38°  along  the  north  wall, 
39  and  41°  farther  south.  The  structure  is,  thus,  that  of  the  north  limb 
of  a syncline,  the  axial  plane  of  which  emerges  near  the  southern  edge 
of  the  opening  and  dips  south  at  an  angle  e.stimated  to  he  15°. 

Cleavage  strikes  are  almost  uniformly  X".7()-72°E.  The  grain 
trends  N.57°W.  and  is  vertical.  The  predominance  of  X".60-S0°E.  joints 
having  steep  dips  is  very  conspicuous  (see  Plate  XXVll,  1>,  p.  181). 

Cross-bedding  is  commonly  seen  in  the  sandy  beds ; wherever  ob- 
served it  dips  ivesCvard. 

Jlisiorii  and  development. — The  quarry  is  o]i(‘rated  by  the  Phoenix 
Slate  Co,,  of  Wind  Gap.  It  is  said  to  have  been  opened  about  30  years 
ago.  [Many  small  operators  worked  the  ]iroperty  in  turn,  luit  in  1907 
it  passed  into  the  hands  of  the  ])resent  owners.  The  surrounding  land 
is  owned  outright  by  the  operators. 

Two  mills  are  installed.  One  of  these  is  e<iuip])ed  with  five  saws, 
three  planers,  and  three  rubbing  beds.  A sa\v  and  ])laner  for  sizing 
and  shaving  waste  pieces  cut  from  larger  blocks  are  ])laced  at  the  end 
of  the  mill  beyond  the  r\d)bing  beds.  A drill  tal'de  is  ecpupped  wdth 
multiple  augers. 

The  smaller  mill  contains  five  saws,  two  planers,  and  two  rubbing 
beds,  as  well  as  a Vermont  buffer,  a Roberts  multiple-head  l)uffer,  and 
a drill  table. 

At  l)Oth  mills  saws  are  used  iustead  of  carborundum  wheels,  for 
trimming  the  smaller  slabs. 

The  waste  material  fi-om  the  mill  is  made  into  roofing;  only  one 
shanty  was  in  operation  iii  August,  1923. 

Eive  masts  serve  the  quarry. 

The  product  consists  almost  wdiolly  of  milled  material,  including 
especially  large  quantities  of  billiard  table  tops. 

10.  HELLER  QUARRY. 

Location  and  dimen.sions. — A small  ])it  lies  7d()  feet  north  of  ;he 
Phoenix  quarry,  across  the  road  from  the  latter.  This  ojiening  is  25 
feet  deep  to  the  w'ater  and  may  be  30  feet  deeper  below  water  level, 
to  judge  by  the  size  of  the  dump.  It  is  about  70  feet  stpiare  at  the 
surface.  A small  dump  is  built  u[)  to  the  south. 

Geotogif. — Several  slate  men  assert  that  the  opening  exposes  a i>art 
of  the  Albion  beds,  as  might  be  expected;  i\Ir.  S]u-y  of  Bangor  says  it 
yielded  the  Front  big  bed.  Of  the  beds  seen,  none  exceed  two  feet  in 
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thickness.  The  strata  strike  N.78°E.,  and  dip  75°NW.  at  the  Avater 
level.  At  the  very  surface  the  badly  weathered  beds  appear  to  be 
vertical,  as  though  the  axial  plane  of  the  fold  seen  in  the  Phoenix 
quarry  were  almost  horizontal. 

History  and  development. — This  quarry,  truly  little  more  than  a 
prospect,  was  opened  by  Mr.  Kinney,  at  the  expense  of  Dr.  Heller  of 
Wind  Gap.  A small  production  of  roofing  slate  is  reported. 

11.  IMPERIAL  QUARRY. 

Location  and  dimensions. — This  large  quarry  is  600  feet  west  of  the 
Phoenix  quarry  and  about  2,000  feet  due  south  of  Alpha.  It  is  rhomb- 
shaped and  measures  300  feet  northwestward  and  450  feet  northeast- 
ward. The  depth  exposed  above  water  level  Avas  about  7 feet  in  1923. 
A large  dump,  Avhich  suggests  a total  depth  of  at  least  150  feet,  has 
been  built  up  to  the  south. 

Geology. — The  onlj^  overburden  consists  of  from  2 to  7 feet  of 
weathered  slate.  Very  little  of  the  slate  is  visible  above  the  Avater. 
The  beds  Avorked  are  about  the  same  as  those  in  the  Phoenix  quarry, 
as  the  tAvo  quarries  lie  along  the  same  line  of  strike.  In  the  Imperial 
quarry  the  beds  .strike  N.70°E.,  and  dip  45°SE.  in  the  northeast 
corner,  but  the  turn  in  dip  is  apparently  so  sharp  that  in  the  north- 
Avest  corner  the  dip  is  to  the  nortliAvest.  The  syncline  thus  shoAA'n  fits 
in  Avith  the  structure  seen  in  the  Phoenix  quarry,  AAdiere  the  surface  of 
the  ground  does  not  quite  rise  to  the  KatI  of  the  axial  plane. 

In  the  northeast  corner  of  the  quarry  the  cleaAmge  strikes  parallel 
Avith  the  beds  and  dips  southAvard  20°.  Grain  trends  N.57°W. 

History  and  development. — Prom  1905  to  1910  this  Cjuarry  Avas 
operated  by  Reuben  Harding  of  Pen  Argyl.  Then  it  passed  into  the 
hands  of  George  Albert  and  James  PoaatII  of  Bangor  for  a year. 
Thereafter  it  remained  idle. 

Recently  it  is  said  to  be  developed  by  Mr.  Thomas  Peters  of  Wind 
Gap,  AA’ho  is  stripping  along  the  east  side.* 

Four  masts  still  remain  on  the  dump,  the  cables  crossing  the  quarry 
from  the  southeastern  side.  An  old  mill,  noAV  considerably  Aveathered, 
stands  on  the  dump ; it  is  equipped  Avith  tAvo  planers,  six  saAvs,  and 
tAvo  rubbing  beds.  There  are  also  various  accessory  buildings. 

Judging  by  the  material  on  the  dump,  the  main  production  consists 
of  structural  slate,  blackboards,  electrical,  and  roofing  slate. 

12.  ACME  QUARRY. 

Ijocation  and  dimensions. — This  is  the  more  southerly  of  the  tAvo 
quarries  located  about  1,250  feet  due  soutluvest  of  the  Alpha  station. 
It  is  an  elongated  rhomboid  in  ground  plan,  the  longer  dimension  ex- 
tending 400  feet  northeastAvard,  the  shorter  200  feet  nortliAATst.  The 

♦Operating  in  102f5  by  Tins.  1‘eters  and  Win.  Evans  under  the  name  of  Imperial  Slate  Black- 
board Company. 
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entire  western  half  of  the  hole  is  abandoned  and  is  being  used  as  a 
dump.  The  eastern  part  is  on  two  main  levels,  the  i;pper  only  being 
worked.  The  upper  level  has  a depth  of  about  70  feet,  but  rises  north- 
ward until  it  is  only  35  feet  below  the  surface.  The  bottom  of  the 
lower  level  has  a depth  of  105  feet. 

Besides  being  dumped  into  the  bottom  of  the  quarry,  much  waste 
slate  is  piled  up  along  an  incline  to  the  northwest  of  the  working  levels. 

Geology.- — The  slate  is  covered  with  an  OA'erburden  consisting  of 
poorly  assorted  clay  and  boulders,  some  of  the  latter  being  as  much  as 
six  feet  in  diameter.  This  overburden  is  thickest  in  the  south,  Avhere 
it  amounts  to  8.5  feet  of  drift,  but  thins  nortlnvard.  The  weathered 
slate  that  lies  immediately  under  the  OA^erburden  on  the  northeast  side 
of  the  opening  sIioaa's  marked  OA’erturning  of  cleaA’age  toAvard  the  south, 
due  to  creep ; this  has  already  been  described  in  the  section  on  the 
effect  of  topography  under  “Economic  Geology  of  the  Slate”  (p.  lOli, 

In  the  Acme  quarry  the  beds  AA’orked  constitute  the  Acme  “imn” 
and  correspond  in  part  to  those  of  the  upper  part  of  the  Tinsman 
quarry.  They  are  softer  than  many  of  the  other  beds  of  the  Albion 
ciuarries.  ToAvard  the  southern  edge  of  this  sequence  are  tAvo  exception- 
ally big  beds,  the  more  southerly  of  Avhich  is  used  for  blackboards  and 
electrical  slate,  while  that  to  the  north  makes  excellent  blackboards  and 
structural  material. 

At  the  surface  the  beds  dip  85°S.,  and  strike  X.70°E.,  but  as  they 
are  followed  nortliAvard  it  is  seen  that  the  dip  becomes  SO^XAV.  In 
the  upper  (Avorking)  leA’el  a change  to  the  same  effect  is  obserA'ed ; the 
beds  at  the  southern  edge  of  the  leA’el  dip  85°X".,  although  those  in  the 
northern  part  dip  only  46°X.  It  is  clear  from  these  observations  that 
the  quarry  is  on  the  loAver  limb  of  a nortliAA'ard  OA'erturned  syncline, 
very  probably  the  structure  described  in  the  Phoenix  quarry. 

Cleavage  Amries,  but  generally  strikes  north  of  east  and  dips  I5-30°E, 
Grain  trends  N.30-45°W,,  dipping  Xb80°. 

In  about  the  middle  of  the  upper  (Avorking)  level  a small  fault  strik- 
ing Xb60°5,Y,  and  dipping  35°S.  is  seen.  The  displacement  of  this  fault 
noAvhere  exceeds  3 inches,  and  it  Avould  scarcely  he  noticeable,  did  it 
not  cut  a “loose  ribbon”  or  calcareous  bed.  When  the  slate  is  stripped 
from  this,  it  is  seen  to  project  nortliAA-ard  aboA’e  the  fault  plane.  The 
fault  trace  can  be  seen  on  the  Avail  OA'erhanging  the  loAver  leA’el  on  its 
eastern  side,  but  the  displacement  rapidly  declines  so  that  the  fault 
is  finally  lost  to  view. 

A feature  in  the  jointing  in  this  quarry  is  the  large  number  of 
joints  striking  nortliAvestAA’ard  (.see  Plate  XXVII,  p.  1811. 

History  and  development.- — The  Alpha  and  Acme  quarries  Avere  both 
once  OAvned  by  the  Alpha  Slate  i\Ianufaeturing  Company,  the  president 
of  Avhich  was  J.  Xb  Hoffman,  They  Avere  operated  by  Wm,  Winsboro 
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and  a Mr.  Slmll  of  Strouds) mrg ; in  1885  operation  l)y  tliese  partners 
was  discontinued  and  tlie  quarries  came  into  tlie  liands  of  tlie  Alplia 
Slate  Manufacturing  Conq)any.  -Then  the  lease  was  taken  over  by 
C.  N.  Miller  and  AVni.  Bray.  In  1917  the  operations  were  l)egun  by  a 
new  firm,  tlie  Colonial  Slate  Company,  owned  by  the  Spry  Brothers 
of  Bangor. 

A small  mill  on  the  projicrty  is  eipupiied  with  three  rip-saws,  a buck- 
saw, two  planers,  a rubbing  bed,  a d-sjieed,  geared  drill  press,  a Roberts 
buffer,  an  emery  cutting  Avheel  used  in  lieu  of  a saw  and  for  bevelling. 
Three  shanties  were  being  supplied  with  material  for  roofing  slate  in 
1923.*  The  products  are  structural  slate,  blackboards,  roofing  ma- 
terial, and  especially  electrical  slate.  Two  cable  hoists  give  access 
to  the  fpiarry. 

13.  ALPHA  QUARRY. 

Location  and  dimensions. — This  L-shaped  quarry  lies  due  north 
within  a stone’s  throw  of  the  western  end  of  the  Acme  quarry.  It 
measures  about  200  feet  in  both  directions.  Water  now  comes  to  within 
10  feet  of  the  surface  and  a de])th  of  only  5 feet  of  solid  rock  shows 
above  the  water.  Aluch  of  the  old  dump  on  which  the  mill  of  the 
Acme  (juarry  is  located  is  material  from  this  quarry. 

Geologii. — The  opening  shows  from  5 to  12  feet  of  weathered  slate 
and  glacial  material. 

Operations  uncovered  the  Albion  “run,”  of  which  the  Gray  bed  is 
said  to  have  appeared  near  the  middle  of  the  southwest  side,  where 
a shoulder  of  the  wall  ])rojects  into  the  quarry;  even  the  Hard  Front 
big  l)ed  was  found  at  depth. 

The  beds  exposed  strike  X.58°E.  and  dip  NW.65° ; the  dip  is 
reputed  to  have  declined  with  depth.  The  cleavage  could  not  be 
measured,  but  a])parently  resembled  that  of  the  Acme. 

History  and  development . — The  history  of  operations  on  this  prop- 
erty has  already  been  given  in  the  descrii)tion  of  the  Acme  quarry. 
The  Aljiha  quarry  was  the  earlier  w'orked.  It  has  been  abandoned  for 
several  years.  In  1926  it  had  been  drained  and  was  producing  slate. 

14.  QUARRY. 

This  is  a very  small  trench  showing  only  a thin  glacial  overburden 
and  a few'  slate  chips.  Nothing  is  known  as  to  the  rock  underground 
at  this  locality. 

15.  (,)UARRY. 

Location  and  dimensions. — About  600  feet  east  of  the  Acme  quarry 
and  sejiarated  from  it  by  a patch  of  Avoods  is  a small,  almost  rectangu- 
lar opening,  apparently  long  deserted,  measuring  about  100  by  200 
feet,  the  longer  dimension  extending  northeastw'ard.  Water  floods 


* Tliis  mill  was  Imrnud  down  in  OcItiIkt,  lOli.",  and  a wull-uquiiipod  mill  now  stands  nortli  of 
tho  Alpha  riiiarry. 
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the  hole,  standing’  within  5 feet  of  the  surface.  The  niaximuin  deptli 
is  said  to  have  been  70  feet. 

Geology. — This  opening’  shows  about  5 feet  of  overl)urilen  along  the 
north  side;  it  consists  of  clay,  slate  chips,  and  occasional  boulders. 
The  beds  exposed  at  the  surface  nmst  be  in  the  lower  part  of  the 
Albion  “run.” 

The  beds,  though  jioorly  shown,  seem  to  strike  N.60-65°E.,  and  dip 
75°NW.  The  cleavage  could  not  be  measured  Imt  dips  gently  south. 
Grain  trends  N.dO®^.  and  is  vertical. 

History  and  development. — According  to  i\tr.  ]\f.  J.  Spry  of  llangor, 
this  quarry  is  jiart  of  the  "Wagner  and  Osterstock  estate. 

This  quarry  was  ojiened  in  1913  by  Russell  Pritchard,  George 
Albert,  James  Powers,  and  A.  M.  Pass  of  Bangor.  Tt  was  operated  for 
about  two  and  one-half  years,  then  abamloned. 

The  equipment  consists  of  an  old  mill  shed,  largely  dismantled,  with 
a few  ])ieces  of  machinery  remaining.  A part  of  an  old  ]iuni]i  and  a 
rusted  boiler  are  still  in  place  on  the  pro]ierty.  Two  pulleys  and  cable 
lines  are  seen  at  the  south  side  of  the  oi>ening. 

to.  ALP.IO.X  ST  I’ERIOU  QT'ARUY. 

Location  and  dimensions. — This  o])ening  is  U)0  feet  east  of  that  last 
described.  It  is  a nearly  rectangular  hole,  about  200  feet  wide  in  a 
northeast  direction  and  3b0  feet  long  toward  the  northwest.  It  is 
tilled  with  water,  but  along  the  northeast  and  southwest  sides  over- 
burden and  rock  are  seen  projecting  above  the  water  level.  The 
depth  is  reputed  to  be  125  feet. 

A considerable  dunqi  of  waste  material  has  been  built  up  south  of 
the  opening. 

Geology. — The  overburden,  which  has  a thickness  of  3 feet  or  more, 
is  of  clay,  slate  chips,  and  occasional  faceted  quartzite  boulders.  It 
attains  a maximum  thickness  of  lb  feet,  being  heaviest  on  the  eastern 
side  of  the  quarry. 

Beneath  the  overlmrden  limited  outcrops  of  slate  are  exposed. 
Though  no  beds  are  recognizable  with  certainty,  it  is  believed  that 
this  opening  should  show  the  Albion  “run”  from  end  to  end  at  the 
surface  and  perhaps  even  extend  a short  distance  into  higher  beds ; 
this  hypothesis  is  in  agreement  with  the  opinions  of  the  quarrymen. 

In  the  one  ex]iosure  where  observable,  the  strike  and  dip  were  N.6I°- 
E.,  76°NbV.  Cleavage  and  grain  were  not  measured. 

History  and  development. — Quarrying  was  begun  here  in  1912  by  the 
owners  of  the  "Wagner  and  Osterstock  estate,  who  still  retain  the  land; 
some  slate  was  then  removed  by  Joseph  Kellow  and  Albert  Rundle  of 
Pen  Argyl,  under  the  name  of  the  Bangor  Slate  ^Manufacturing  and 
Supply  Company,  In  1917  operations  ceased. 
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The  Amalgamated  Slate  Company  of  Easton  now  has  a lease  on 
the  ]iroperty  and  had  begun  in  1924  to  pump  out  the  water,  prepara- 
tory to  further  cpiarrying. 

17.  STODDARD  QUARRY. 

Location  and  dimensions. — This  opening  lies  about  400  feet  east 
of  the  Albion  Superior.  It  is  irregular  in  shape,  being  about  300  feet 
long  northwestward  by  200  feet  northeastivard.  Twelve  to  fourteen 
feet  of  overburden  are  seen  above  the  water  with  which  the  bottom  is 
filled.  The  opening  cannot  be  deep,  as  almost  no  slate  is  seen  on  the 
dump. 

The  material  removed  lies  piled  up  at  the  northern  end  of  the  quarry. 

Geology.- — The  heavy  overburden  is  the  conspicuous  feature  at  this 
quarry.  It  has  a thickness  of  12  to  14  feet,  being  deeper  on  the  east. 
Taken  in  conjunction  with  a similar  eastward  thickening  of  overburden 
in  the  Albion  Superior  opening,  this  suggests  a pre-glacial  stream 
vallej^  not  far  east  of  the  Stoddard  quarry. 

The  surficial  material  consists  of  sand-free  clay  bearing  boidders 
that  vary  in  size  up  to  one  foot  in  diameter;  the  latter  are  quartzite 
or  conglomerate,  A^dth  occasional  flatter  pebbles  of  red,  micaceous  Cat- 
skill  sandstone.  They  are  generally  subangular  or  faceted,  but  no 
striae  Avere  seen.  They  are,  however,  clearly  glacial  in  origin. 

On  the  northeast  side  of  the  quarry  a small  exposure  of  slate  shoAvs 
a bed  about  9 feet  “long”  measured  along  the  cleavage,  AAdth  thinner 
beds  on  either  side.  This  may  Avell  be  the  outcrop  of  the  Genuine  big 
bed  of  the  Albion  “run,”  AA’hieh  should  be  exposed  here.  The  strati- 
fication strikes  N.51”E.,  and  dips  85°S.  The  cleavage  Avas  not  meas- 
ured, but  dips  gently  south.  The  grain  trends  N.44°W.,  dipping 
60°W. 

History  and  development. — The  opening  AAms  made  in  1917,  but  little 
AA'as  removed  excejit  the  glacial  cover.  On  the  whole,  this  should  rep- 
resent a favorable  location  for  operating,  except  in  that,  as  depth  is 
reached,  the  beds  Avill  probably  dip  more  gently,  “running  fast  to- 
Avard  the  mountain”,  as  the  quarrymen  put  it. 

Nearly  opening. — East  of  the  opening  about  300  feet  lies  a small 
quarry  not  examined.  It  was  described  to  the  Avriter  by  some  of  the 
slate  operators,  aa4io  say  that  it  entered  the  Albion  “run”.  The 
authority  for  this  statement  is  competent.  The  opening  was  made  in 
1915  by  the  owner  of  the  property,  Mr.  Glosser. 

18.  DICK  QUARRY. 

Location  and  dimensions. — This  small  opening  lies  1,200  feet  N.70°E. 
from  the  Grand  Central  quarry,  hidden  in  Avoods  Avest  of  the  DelaAvare, 
LackaAA'anna,  & AVestern  Kailroad.  It  measures  50  feet  square  and 
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water  fills  it  almost  to  the  top.  Its  depth  was  probal)ly  not  over  35 
feet. 

Geology. — Only  a small  area,  of  slate,  with  poorly  defined  bedding’, 
shows  above  the  water.  The  strike  is  N.50°E.,  and  the  dip  is  estimated 
to  be  about  8°SE.  The  slate  exposed  was  apparently  in  the  upper 
part  of  the  Bangor  beds. 

History  and  development. — This  opening  was  made  in  1900  by 
Thomas  Dick  and  George  IMutton,  more  as  a prospect  than  as  an  actual 
quarry.  It  is  probablj*  one  of  the  oldest  (piarries  in  the  Pen  Argwl 
region  and  has  long  been  abandoned. 

10.  IMARTIX  AXI)  IIARDIXG  QUARRY. 

Location  and  dimensions. — Almut  500  feet  east  of  the  Grand  Central 
quarry  is  an  elongated  opening  measuring  250  feet  northwestward 
by  100  feet  northeast.  Its  depth  to  water  is  20  feet,  but  a large  dump 
has  been  built  up  to  the  north  and,  judging  by  the  amount  of  waste 
here,  the  depth  must  have  been  100  feet. 

Geology. — The  beds  exposed  are  said  to  be  part  of  the  Old  Bangor 
“run”.  They  are  thin,  but  cleavage  is  well  developed  and  the  opening 
was  promising. 

The  beds  at  the  southern  end  strike  N.50°E.  and  dip  62°S.E.  where- 
as at  the  north  end,  the  dip  is  45°S.  They  are  thus  on  the  north  limb 
of  an  anticline,  the  axial  plane  of  which  dips  south.  The  cleavage 
strikes  X.80°E.,  and  dips  20°S.  The  grain  is  parallel  with  the  sides 
of  the  quarry,  trending  Xh40°5V.,  and  stands  vertical. 

History  and  development. — IMr.  Spry  of  Bangor  states  that  this 
quarry  was  oi)ened  in  1910  on  the  AVagner  and  Osterstoek  estate  by 
AATlliam  Harding  and  Isaiah  Alartin.  It  was  abandoned  in  1912  be- 
cause of  the  reduced  “length”  of  the  beds, — the  cleavage  and  bedding 
planes  intersecting  at  a high  angle,  and  the  beds  probably  being  thinned 
considerably  by  tight  folding,  besides. 

The  product  was  mainly  roofing  slate. 

20.  DOXF.Y’8  OLD  QUARRY. 

Location  and  dimensions. — Tliis  small  opening  lies  200  feet  south 
of  the  last  and  on  the  south  side  of  a secondary  road.  Its  maximum 
depth  to  Avater  is  15  feet,  but  it  must  be  at  least  60  feet  deeper,  to 
judge  by  the  size  of  the  dump  that  lies  east  of  it. 

Geology. — It  is  said  that  the  9-Foot  big  bed  of  the  Old  Bangor 
“run”  was  quarried  here.  One  bed  near  the  southern  end  is  3.5  feet 
thick.  The  strike  is  about  X.60°E.,  and  the  dip  a])proximately  60°S. 
The  quarry  is  thus  on  the  same  .structure  as  described  for  the  Alartin 
and  Harding  quarry.  The  cleavage  strikes  X.60°E.,  and  dips  about 
i0°S.  Grain  trends'  X.40°AAT 

Some  good  l)locks  of  slate  are  seen  on  the  dump.  “Ru.sting”  (In-own 
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staining-  with  iron  oxide)  is  not  much  in  evidence.  The  beds  seem  to 
be  thin,  however. 

History  and  development. — Quarrying-  was  begun  here  in  1908  by 
i\Ir.  Fred  Doney  of  Pen  Argj'l,  operating-  for  the  Doney  Slate  Com- 
pany, and  ended  in  1910.  No  machinery  appears  on  the  dump.  The 
product  must  have  been  chiefly  roofing  slate. 

21.  GRAND  CENTRAL  QUARRY. 

Location  and  dimensions. — This  large  opening  lies  along  the  Dela- 
ware, Lackawanna,  & AVestern  Railroad,  about  three  miles  south  of 
the  station  at  Pen  Argyd.  It  is  in  the  valley  of  Little  Bushkill  Creek 
and  tlie  stream  itself  flows  through  the  quarry.  The  main  part  of  the 
openiiig  is  almost  in  the  form  of  a rectangle  measuring  about  250  feet 
square,  but  along  the  northwest  wall  a smaller  rectangular  area  50  feet 
square  ]u-ojects  northward  from  the  main  hole. 

The  larger  part  of  the  opening  is  filled  with  water,  but  near  the 
east  corner  walls  of  slate  rise  70  feet  above  the  water  level.  'The 
surface  of  the  ground,  now  mainly  removed  by  quarrying,  thus  dipped 
sharply  northward.  The  maximum  depth  said  to  have  been  attained  in 
quarrying  is  175  feet. 

A large  dump  is  built  up  south  of  the  quarry  and  on  this  several 
shanties,  partly  demolished,  and  various  mill  buildings  are  still  to  be 
seen. 

Geolofiy. — As  the  slate  is  now  nowhere  accessible  to  detailed  measure- 
ments, the  statements  of  the  quarrymen  as  to  the  beds  worked  were  ac- 
cepted. Air.  AI.  J.  Spry  of  Bangor  reports  that  the  small  northward 
projection  from  the  main  quarry  entered  the  Old  Bangor  “run”  and 
that  the  main  0]iening  is  in  the  Grand  Central  “run”,  in  which  are 
two  big  beds,  the  upjier  4 and  the  lower  8 feet  thick,  separated  by  a 
thickne.ss  of  25  feet  of  smaller  lieds. 

At  the  surface  in  the  eastern  corner  the  beds  strike  N.75°E.  and  dip 
25°X.  The  dip  is  said  to  have  changed  sharply,  however;  at  a depth 
of  150  feet  or  so  the  diji  is  southward;  immediately  lower  down  the 
direction  of  dip  was  once  more  reversed  and  the  strata  inclined  to  the 
north. 

This  sharp  double  reversal  in  dip  was  accompanied  by  the  opening 
of  cracks  and  clefts  and  by  the  development  of  irregular  cleavage.  The 
openings  formed  were  heavily  filled  with  quartz  and  calcite,  very 
deleterious  to  the  slate.  AVlien  this  structure  is  compared  with  that 
in  the  Alartin  and  Harding  and  Doney ’s  Old  quarries  to  the  west,  it  is 
seen  that  the  latter  must  be  on  the  upper  limb  of  a northward  over- 
turned syncline  with  almost  horizontal  axial  plane ; the  lower  limb  of 
this  structure  is  represented  by  the  northward  dipping  beds  at  the 
surface  in  the  Grand  Central  quarry.  The  latter,  being  topographically 


WIND  (JAl'-l'EX  AUGYL  CROTA 


I'lO 

lower,  represent  a strati"rai>liieally  somewliat  lowei-  horizon.  These 
relations  are  .shown  in  Fig-nre  36. 

The  cleavage  strikes  N.60°E.,  anT  di})s  115°S.  The  grain,  which 
parallels  the  southwestern  edge  ot‘  the  qnarry,  strikes  N.43°^\  . 

History  and  devrdopmcnf. — This  <piarry  was  opened  l>y  R.  .M.  Jones, 
the  “founder  of  Bangor,’’  about  1880.  After  some  operation,  it  Avas 
sold  to  Thomas  1).  Monlds  of  Philadelphia.  Moulds  took  out  some  slate 
and  then  leased  the  (piarry  to  a company  of  five  stockholders.  FolloAving 
further  deA’elopment,  the  lease  Avas  sold  to  F.  J.  Johnsoii  of  XeAv  Tork 


DOA/EYS  OLD 
QUARRY 


Eigure  oG.  A.  Block  diagi'am  to  show  relations  of  qnarries  at  Grand  Cen  ral : 
view  westward  from  the  Grand  Central  qnan-.v : B.  pro.iection  of 
r>oney’s  Old  qnarry  upon  plane  of  grain  in  (jrand  Central  (piarry, 
to  show  true  structure. 


City  in  1902.  Johnson  operated  the  ({uarry  until  1913,  Avhen  it  Avas  sold 
to  John  Jones,  DaA’id  Price,  and  LleAvelyn  Jones,  avIio  continued  pro- 
duction for  a year.  Finally  the  quarry  passed  into  the  hands  of 
Janies  II.  Munro,  Avho  attempted  to  cut  slate  into  tiles  and  cement 
these  on  tar  paper  roofing;  his  company  o]ierated  under  the  name  of 
the  Inlaid  Slate  Company.  AYork  Avas  sto])]ied  at  the  (piarry  in  about 
1916,  Imt  the  Inlaid  Slate  Company  still  retains  the  lease. 
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A few  shanties  remain  on  the  dump  and  two  cable  lines  are  stretched 
across  the  opening  from  the  southeast  side. 

The  production  was  roofing  slate  and  millstock.  In  the  upper  part 
of  the  quarry,  above  the  point  at  which  the  strata  turn  and  dip  south, 
good  blackboard  slate  was  obtained. 

22.  SMALL  CxRAND  CENl'RAL  QUARRY. 

Location  and  dimensions. — This  small  opening,  measuring  30  by  70 
feet,  with  its  longer  dimension  extending  northward,  lies  about  300 
feet  due  southeast  of  the  large  Grand  Central  quarry.  It  is  a shallow 
hole,  and  much  of  it  is  filled  with  waste. 

Geology. — One  conspicuous  bed  having  a thickness  of  2.5  feet  is  seen. 
The  strata  here  are  in  the  lower  part  of  the  Grand  Central  “run”  but 
no  beds  could  be  definitely  correlated  with  the  known  sequence.  The 
strata  are  probably  continuous  with  those  seen  in  the  northeast  wall 
of  the  Grand  Central  (see  Figure  36). 

The  strike  in  this  opening  is  N.85°W.,  and  the  dip  is  11°NE. 
Cleavage  strikes  N.85°E.  and  dips  32°SE. 

History  a7id  development . — This  small  hole,  the  history  of  which 
is  much  like  that  of  the  Bangor  Central  opening,  was  worked  in  1905 
by  E.  J.  Johnson  of  New  York  City.  It  is  a part  of  the  same  property 
as  the  larger  Bangor  Central  quarry. 

23.  QUARRY. 

Location  and  dvnensioyis. — A small  prospect  hole,  of  irregular  shape, 
lies  in  a field  south  of  the  road,  1,600  feet  S.65°E.  from  the  Grand 
Central  quarry.  It  is  roughly  arcuate  in  ground  plan  and  50  feet 
long;  its  depth  is  10  feet.  Waste  from  the  hole  is  piled  up  about  it. 

Geology. — The  slate  appears  to  be  of  fair  quality,  but  no  thick  beds 
are  seen.  The  strike  is  N.60°E.,  and  the  dip  10°NW. ; the  cleavage 
dips  12°SE.,  and  strikes  parallel  with  the  beds. 

History  and  development. — This  is  merely  a prospect.  Nothing  is 
known  of  its  history. 

24.  DONEY  QUARRY. 

Location  and  dimensions. — About  400  feet  south  of  the  highway  be- 
tween Wind  Gap  and  Pen  Argjd,  and  three-quarters  of  a mile  east 
of  Alpha  is  the  Doney  quarry.  At  the  surface  the  opening  is  300 
by  125  feet  in  size,  the  greater  dimension  extending  N.75°E.  There 
are  two  working  levels,  of  which  the  upper  is  110  feet  deep,  the 
lower  150  feet  beneath  the  surface ; the  sheer  wall  between  the  two 
divides  the  quarry  into  northeast  and  southwest  halves. 

A large  dump  has  been  built  up  south  of  the  opening. 

Geology. — An  overburden  of  weathered  slate  and  of  slate  chips  set 
in  clay  is  all  that  lies  above  the  slate.  The  depth  from  the  surface  to 
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bed  rock  is  from  3 to  8 feet.  The  cleavage  planes  at  the  surface  of 
the  slate  show  the  usual  downhill  creep  to  the  south. 

The  quarry  is  opened  in  the  lower  part  of  the  Albion  “run”,  the 
Oray  bed  appearing  on  the  lowest  working  level  about  ten  feet  south 
of  the  northwest  quarry  wall.  As  the  beds  dip  southward  the  Gray 
bed  is  not  so  far  south  in  the  upper  level,  hut  instead  the  greater  part 
of  strata  exposed  are  lower  down  in  the  Albion  “run”.  The  Gray 
bed  lies  just  within  the  northwest  quarrj'  Avail  at  the  surface. 

On  top  the  beds  strike  N.68°E.,  and  dip  71°S.,  but  the  dip  declines 
southward,  for  it  is  71°  S.  at  the  northern  edge  of  the  opening  and 
only  68°  at  the  southern  side.  As  depth  is  gained  the  dip  increases 
to  75°  on  the  upper  leA^el  and  even  81  °S.  on  the  loAver  le\"el.  The 
structure  is  thus,  the  upper  (southern)  limb  of  a syneline  Avith  axial 
pdane  dipping  south.  Structurally  this  is  in  harmony  Avith  the  Ncav 
Diamond,  Parsons,  and  Albion  Vein  quarries. 

The  cleaA'age  strikes  N.75-85°E.,  and  dips  15-18°S.  Grain  trends  X. 
50°AV.,  and  dips  A’ertically. 

Three  definite  systems  of  jointing  are  recognizable.  One  strikes 
X.55-60°W.,  and  dips  32-40°S. ; these  joints  commonly  stop  at  “loose 
ribbons.”  A second  set  strikes  N'.80°W.,  Avith  highly  varied  dips.  A 
third  set  strikes  X.55°E.,  Avith  dips  varying  from  80°8.  to  80°X.  Xot 
uncommonly  these  joints  are  seen  to  unite  hy  an  increase  in  dip  of  the 
loAA'er  joint.  The  joints  are  shoAA'n  on  page  181. 

History  and  development. — This  quarry  Avas  0])ened  in  1919  by  the 
Doney  Slate  Company,  a corporation  formed  by  Air.  Alfred  Doney 
and  his  sons.  Operations  are  progressing  under  a long-time  lease,  the 
property  belonging  to  the  Hugh  L.  Davis  estate. 

A Avell  equipped  and  carefully  planned  mill  is  located  Avest  of  the 
■quarry.^^®  At  the  time  of  inspection  some  of  the  slate  Avas  being  trans- 
ferred to  the  mill  of  the  XeAV  Diamond  quarry  for  finishing. 

The  products  are  blackboards,  electrical  slate,  structural  slate,  and 
roofing  slate. 

25.  NEAV  DIAMOND  QUARRY. 

Location  and  dimensions. — This  opening  lies  about  one  tbousand  feet 
northeast  of  the  last.  A road  connects  the  two  quarries.  The  Xcav 
Diamond  quarry  is  125  feet  Avide  in  a nortliAvesterly  direction,  and 
450  feet  long,  and  approximately  rectangular  in  groiind  plan.  Its 
greatest  depth,  attained  in  the  Avestern  part,  Avas  not  measured.  This 
deep  portion  of  the  quarry  is  Avater-filled  and  the  Avater  surface  a]v 
pears  to  be  at  least  200  feet  beloAV  the  surface  of  the  ground  ; it  rep- 
resents tAVO-thirds  of  the  total  length  of  the  quarry.  The  eastern  })art 
Avas  being  Avorked  on  three  levels  Avhen  A’isited  in  1923,  and  stripping 
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was  being:  eondncted  at  ground  level  soutli  of  it  as  well.  The  depth 
of  tlie  lowest  working  level  is  90  feet ; that  of  the  next  level  is  50  feet ; 
and  the  to]nnost  level  or  “piece”  is  about  15  feet  below  the  surface  of 
the  ground.  The  two  higher  levels  parallel  the  lowest  along  the  south- 
east side. 

The  dump  is  being  Imilt  up  partly  to  the  northwest,  partly  near 
the  mill  to  the  west,  and  much  waste  material  is  taken  south  of  the 
(piarry  and  deposited  along  the  railroad  as  ballast. 

Geology. — The  beds  exposed  are  a part  of  the  Diamond  “run”. 
They  cover  most  of  the  sequence  from  the  lowest  beds  seen  in  the 
south  wall  of  the  New  Diamond  quarry.  Dn  the  lowest  level  two 
thick  beds,  the  Geniune  big  bed  of  the  Diamond  “run”  and  the  Red 
bed,  measure  respectively  78  and  109  inches  along  the  cleavage.  At 
the  northern  edge  of  the  stri])ped  surface  is  another  thick  bed. 

It  is  said  that  these  beds  are  more  “tender”  or  brittle  than  those  of 
the  Albion  “run”  and  hence  slightly  more  difficult  to  quarry.  They 
are  also  generally  somewhat  coarser  and  less  uniform  in  the  size  of  the 
grains  as  seen  under  the  microscope. 

At  the  surface  the  beds  strike  X.61°E.  and  dip  63°S.,  the  dip  de- 
creasing slightly  to  the  north.  The  di]i  also  steepens  downward,  being 
63°,  65°,  and  70°  resjjectively  at  depths  of  15,  50,  and  90  feet  below 
the  surface.  It  is  apparent  that  this  quarry  is  located  on  the  same 
structiire  as  the  Doney  (piarry,  the  south  limb  of  a syncline,  the  axial 
j)lane  of  which  dips  southward. 

The  cleavage  strikes  approximately  parallel  with  the  beds  and  dips 
12-18°S.  The  grain  trends  X.50-58°’\V.,  and  is  vertical  or  dix's  steexily 
east. 

Althongh  not  as  clearly  falling  into  systems,  there  is  yet  a strong 
suggestion  of  the  heavy  development  of  northwest-striking  joints  sim- 
ilar to  those  in  the  Doney  quarry  (see  above).  The  tendency  of  joints 
to  merge  with  each  other  and  with  “loose  ribbons”  is  a striking  feature 
in  this  quarry.  Thus,  a calcareous  “ribbon,”  bordered  by  an  open 
crevice  and  highly  .striated,  is  seen  about  midway  on  the  door  of  the 
lowest  working  level,  and  against  it  many  joints  stoii  abru^Dtly. 

History  and  development. — This  quarry  was  first  opened  by  the 
American  Slate  Company  in  1885;  it  was  operated  by  that  firm  until 
.1900,  then  lay  idle  for  ten  years.  In  1910  the  Diamond  Slate  Com- 
I>any  took  it  over.  This  company  is  incorporated  for  •j^l0,000.  The 
chief  shareholders  are  II.  A.  Miller  and  AYm.  L.  Doney. 

The  mill  , located  soutliwest  of  the  opejiing,  is  described  by 
Bowles. The  AXrmont  single-head  buffers  are  employed  exclusively 
for  ])olishing  the  slate  blackboards.  An  emery  wheel  is  irsed  to  cut 
thinner  slabs. 


lloAvius,  Tliu  of  slate: 
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This  is  one  of  tlie  few  Northampton  County  (puirries  at  which  drill- 
ing- and  hroaehing-  finds  favor  for  removing  the  slate.  The  process  is 
described  in  the  section  of  this  report  entitled  “Technology  of  Slate”. 

The  products  are  blackboards,  electrical  slate,  and  structural  ma- 
terial. No  roofing  .slate  is  made. 

20.  PARSONS  QPARRY. 

Location  and  dimensions. — The  Parsons  (piarry  is  about  a quarter  of 
a mile  south  of  the  Delaware,  Lackawanna,  & Western  K.  IL  Station 
at  Pen  Argyl.  It  lies  .just  north  of  the  tracks  of  that  railroad.  It  is 
approximately  rectangular  in  ground  ])lan.  nn-asuring  about  350  by 
175  feet;  the  longer  sides  trend  al)Out  N.tl()°E..  jiarallel  with  the  beds. 
Work  is  conducted  on  four  levels,  of  which  the  dejiths  are  530  feet, 
380  feet,  about  315  feet,  and  250  feet.  The  southwestern  part  of  the 
o])ening  is  occupied  by  the  almost  S(iuare  upper  “piece”;  the  380- 
foot  level  forms  the  northwestern  half  of  the  remainder;  the  315-foot 
level  lies  between  the  deepest  and  shallowest  working  levels.  In  ad- 
dition stripping  is  being  conducted  along  the  southeastern  side  of  the 
hole.  betAveen  the  quarry  and  the  railroad. 

All  waste  slate  is  dumped  east  or  north  of  the  ojiening. 

Geolofijj. — Along  the  southeast  side,  this  (piarry  shows  an  overlmrden 


Earth  and  grass  roots  1 

Clay  ~ 2 

Poulders  of  quartzite  and  slate  chips  in  clay  1.5 

Padly  Aveathered  slate,  chijis  alioA'e,  larger  blocks  or 

continuous  stone  beloAv  d 

Slightly  Aveathered,  rusty  .slate,  passing  into  good  gray 
slate  beloAv  5 


The  “back”  of  the  quarry  lies  along  a “loose  ribbon”.  The  beds  ex- 
posed betAveen  this  and  the  “front”  of  the  quarry  consist  of  some  of 
those  seen  in  the  NeAV  Diamond  quarry  and  of  other  beds  lying  higher 
in  the  seipience  and  reputed  to  have  been  found  in  the  Jackson  Ban- 
gor No.  J ( Diamond ) opening. 

At  the  surface  the  beds  strike  N.5T-bl°E.,  and  dip  about  63°S.  On 
the  uppermost  Avorking  leA-el  the  dip  increases  to  73°S.  Still  loAver.  on 
the  380-foot  “iiiece, ” the  beds  di]i  as  much  as  87° S.  At  the  greatest 
depth  the  dip  is  reversed  and  the  beds  incline  nortliAvard  57°.  Tlie 
structure  is  thus  the  same  as  that  of  the  Ncav  Diamond  quarry,  but 
the  greater  depth  has  carried  the  Avork  beloAV  the  synclinal  axis.  In 
the  upper  leA’el  the  Red  bed,  the  Genuine  big  bed  ( Diamond  “run”), 
and  the  Johnny  Knack  bed  are  especially  thick  and  valuable. 

The  cleavage  A’aries  somewhat  in  strike,  readings  having  been  ob- 
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tained  between  the  limits  X.Tl'E.  and  ; tbe  dips  are  low, 

averaging  10  to  12  ""S.  Grain  trends  X.15-50‘''Vr.,  and  is  vertical  or  in- 
clines steeplv  eastward. 

•Jointing  was  studied  with  care  wherever  accessible.  At  tbe  surface 
a long,  conspicuous  joint  is  seen  in  tbe  northwest  wall.  Below  this  a 
series  of  joints,  striking  northeast  and  apparently  dipping  about  OCS., 
begins  and  continues  downward.  The  wall  being  inaccessible,  the 
strike  and  dip  of  these  fractures  can  only  be  estimated.  Above  the 
one  conspicuous  joint  mentioned  is  another  system  dipping  northwest. 
It  is  unfortunate  that  these  joints  cannot  be  measured. 

The  lower  ■‘pieces'  ' showed  almo.st  no  jointing,  but  the  highe.st  work- 
ing level  exhibits  two  sy.stems.  one  suggesting  in  its  strike  the  X.75"1V. 
joints  of  the  Doney  quarry,  the  other  trending  approximately  X.50°E. 

History  and  development. — The  quarry  was  opened  in  1892  by  a 
partnership  consisting  of  Henry.  David.  Samuel,  and  Thomas  Parsons, 
all  brothers  and  each  owning  a quarter  of  the  stock. 

In  190S  Henry  Parsons  absorbed  the  interests  of  his  brothers,  and 
the  company  was  incorporated  for  .$45,000  in  1910.  Some  of  the 
stock  was  taken  by  A'm.  H.  Parsons  and  II.  L.  Parsons  at  that  time. 
In  1919  Hr.  Heniy  Parsons  retired  and  the  stock  came  into  the  hands 
of  Hessrs.  AVm.  •!..  H.  L..  Lucas,  and  Francis  H.  Parsons,  and  Hrs. 
SteUa  P.  Hill. 

The  mill  equipment  is  housed  in  four  buildings.  One  shed  has  two 
saws  for  trimming  blocks  to  a size  acceptable  in  the  roofing  shanties. 
In  a second  building  much  of  the  structural  slate  is  prepared ; the 
equipment  in  this  mill  consists  of  4 saws,  -3  planers,  and  a rubbing  bed ; 
grapples  on  booms  are  used  to  move  the  .slate  from  table  to  table  or 
rubbing  bed.  The  third  shed  is  the  blackboard  factory,  which  is 
equipped  with  3 rubbing  beds,  2 multiple  buffers,  and  an  emery  wheel 
that  is  used  as  a trimming  saw;  on  either  side  of  the  blackboard  mill 
are  stock  .sheds.  The  fourth  building  is  the  main  .structural  mill  and 
is  equipped  with  3 rip-saws.  4 planing  machines,  a rubbing  bed.  a small 
Vermont  bulter.  and  an  emery  wheel,  traveling  at  1.400  revolutions 
per  minute,  for  sawing  blocks ; two  grapples  on  booms  are  used  to  trans- 
fer slate  from  the  sawing  tables  to  the  planers. 

This  company  also  operates  a slate  pulverizing  and  grinding  mill, 
described  by  Bowles.^-- 

The  products  of  the  Parsons  Brothers  Slate  Company  include  roof- 
ing slate,  .structural  material,  electrical  slate,  grave  vaults,  blackboards, 
slate  granules  and  slate  powder. 

27.  ALBION  VEIN  QUAEEY. 

Location  and  dimensions. — The  Albion  Vein  (TTe.st  Albion  or  Stod- 
dard) quarry  lies  300  feet  south  of  the  Parsons  quarry  and  south  of 
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the  Delaware,  Lackawanna,  & Western  Kailroad.  In  general  plan  it 
is  quadrangular : the  northeast  and  southeast  sides  make  a right  angle 
with  each  other,  as  do  the  northwest  and  southwest  sides,  hut  the 
angle  at  the  northern  corner  is  obtuse  and  that  at  the  southern  acute. 
The  longest  dimension,  that  along  the  southwest  side,  is  about  500  feet. 
The  greatest  width,  from  the  middle  of  the  southwest  side  to  the  east 
corner,  is  approximately  dOO  feet. 

This  is  the  second  deepest  quarry  in  the  region,  being  exceeded  only 
by  the  Parsons  quarry,  and  attaining  a maximum  depth  of  500  feet. 
The  work  during  the  summer  months  is  confined  to  the  lowest  level, 
but  during  the  winter,  work  proceeds  on  the  several  benches ; these 
are  at  various  depths  along  the  northwest  wall,  the  lowest  being  210 
feet  below  the  surface.  Stripping  along  the  southeast  side  was  in 
progre.ss  in  1921,  the  object  being  to  enlarge  the  area  opened. 

The  dump  is  built  up  to  the  south  and  southwest  of  the  hole,  where 
are  located  the  mills  and  shanties. 

Geology. — Structurally  this  quarry  is  situated  similarly  to  the  Par- 
sons quarry,  but  in  beds  lower  in  the  sequence.  The  Albion  ‘‘run” 
has  been  opened,  almost  from  top  to  bottom.  The  ‘‘loose  ribbon"  mak- 
ing up  the  northwest  wall  is  said  to  be  in  the  Jenny  AVeeks  l)ed,  and 
the  Front  big  bed.  which  is  the  southniost  or  lowest  stratum  in  the 
Albion  ‘‘run,”  lies  just  south  of  the  southeastern  cpiarry  wall;  about 
40  feet  north  of  the  east  corner,  the  Gray  bed  comes  to  the  surface. 

Xear  the  top  of  the  quarry  the  beds  strike  X.60°E.,  and  dip  37-44° S., 
but  as  they  descend  a vertical  attitude  is  acquired  at  a depth  of  about 
250  feet.  Below  this  point  the  beds  dip  north,  to  a depth  of  350  feet 
beneath  the  surface,  where  the  vertical  is  resumed  for  a short  distance. 
Then  the  dip  is  north,  vertical,  and  southward  again,  but  very  steep, 
and  at  the  top  of  the  working  level  a steep  southward  dip  (85°) 
is  seen.  At  the  lowest  point,  however,  the  dip  is  clearly  46 °X. 

The  cleavage  strikes  X.H0-70°E.,  and  dips  13-20°S.  Grain  trends 
X.52°AAk 

Two  rather  unusual  structural  features  are  seen  in  this  opening. 
The  ‘‘back”  (northwest)  wall  appears  to  be  formed  by  a bedding 
plane.  Close  inspection,  however,  shows  this  to  be  a bedding-slip  fault 
•of  the  type  already  described  (see  Bedding  slip  faults,  on  p.  65). 
syncline,  a far  smaller  are  than  is  formed  by  the  fault  plane  itself. 
Against  the  fault  plane  the  cleavage  is  curly  and  mashed,  and  on  the 
northern  side  it  tends  to  have  a high  southward  dip  as  the  fault  is 
approached,  suggesting  drag.  Beneath  the  fault  numerous  closely 
•spaced,  almost  vertical  joints,  partly  calcite-  and  quartz-filled,  are  seen. 
The  fault  gouge  is  2-3  feet  wide,  with  quartz  and  calcite  filling.  The 
striae  where  seen  dip  almost  vertical  and  extend  southward  parallel  to 
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tlie  bedding  dip.  Actually  there  is  a zone  made  of  two  such  faxdt 
planes,  close  together  (see  Plate  XXX,  A,  p.  209). 

In  the  north  coi-ner  of  the  lowest  level  is  a fault  of  a different  nature. 
Tins  strikes  X.25°E.  and  dips  3b°SE.  In  this  case  the  movement  was 
I)robahly  horizontal,  the  east  side  moving  north,  and  the  distance 
moved  was  not  more  than  two  feet  along  the  plane. 

The  outstanding  feature  of  jointing  in  this  quarry  is  its  close  re- 
semblance to  the  .systems  of  the  Parsons  quarry.  The  regularity  in 
the  jointing  here  favors  quarrying,  because  the  removal  of  the  slate 
in  rhombic  blocks  is  iierniitted.  Some  of  the  northwesterly  joint  sur- 
faces bear  pyrite  lenses  (For  the  joint  pattern,  see  Plate  XXIX). 

Ilislorti  and  developmeni . — The  Addon  Vein  quarry  was  opened  in 
1902  by  Hugh  L.  Davis,  and  then  passed  into  the  hands  of  the  Cleve- 
land Slate  Company,  of  Cleveland,  Ohio.  This  corporation  sold  the 
lease  in  1908  to  the  Albion  Vein  Slate  Company.  The  larger  stock- 
holders in  the  Albion  A^ein  Slate  Company  are  Alessrs.  George,  Arthur, 
Harry,  Fred,  and  Frank  Stoddard,  II.  L.  Boyd,  and  II.  L.  Young. 
The  comjxany  is  incorporated  for  $80,000. 

The  two  mills  on  the  property  are  south  of  the  opening.  In  one 
The  equipment  consists  of  5 saws,  Avith  tables  10.5  feet  by  6 feet,  4 
planers,  1 rubbing  bed,  2 carborundum  Avheels,  so  arranged  as  to  be  used 
in  sharpening  the  saAvs,  and  1 AA'liet  stone,  for  the  planer  knives. 

This  machinery  is  driven  by  tAAO  parallel  shafts,  AA'hich  are  them- 
selves belted  to  a central  drive  shaft.  The  poAATr  is  electricity. 

Instead  of  a traveling  crane  and  track,  a galloAA'S  that  turns  on  its 
A ertical  axis  and  bears  a pulley  and  grapple  is  used  to  iuoat  the  slate 
blocks  from  table  to  table.  Such  an  arrangement  operates  more 
rapidly  than  a crane  like  the  Shepard  track  crane,  but  places  the 
slate  less  exactly. 

The  second  factory  is  a finishing  mill.  Taa'O  large  saAAung  tables 
(10.5  by  12  feet  and  8 by  10  feet)  are  situated  just  outside  the  door 
of  the  mill.  AA'ithin  are  1 small  saAA’ing  table  and  saAA’,  1 planer,  3 
rubbing  l)eds,  and  2 buffers. 

Here  also  are  .stock  sheds  and  a AA'ood  saAV  for  crating.  The  poAA'er 
is  electricity. 

AVhen  Ausited  in  1923,  14  shanties  AA’ere  in  ojxeration. 

Six  steel  masts  in  excellent  condition  are  xised  for  the  cableAA'ays. 
The  landing  is  on  the  dump  south  of  the  quarry. 

The  production  includes  rooting  slate,  all  varieties  of  mill  stock  and 
structural  material,  and  blackboards. 


28.  QUARKY 

Location  and  dimensions. — Taa'o  small  quarries  lie  about  1,400  feet 
S.70°E.  from  the  Albion  AYin  quarry,  in  the  field  east  of  the  road 
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that  leads  past  the  Albion  Vein  opening'.  The  larger  quarry  is  bO  1)V 
jSO  feet,  and  is  virtually  rectangular;  the  longer  dimension  is  towai’d 
the  northwest.  There  is  water  in  the  bottom  and  28  feet  of  slate  sIioav 
on  the  walls. 

OeoIo(jif. — The  beds  are  sandy  and  generally  thin,  but  one  of  them 
is  abont  12  feet  thick.  Cross-bedding  is  well  developed  in  the  sandy 
layers,  the  laminae  di])ping  west.  The  strata  strike  X.70°E..  and  dij) 
10°N\V.  on  the  southern  edge,  but  di])  85°S’\V.  in  the  nortliern  side  of 
the  opening;  the  structure  is  thus  a northward  overturned  anticline. 
As  the  cleavage  strikes  N.40°E.,  and  dips  10°SE.,  it  is  seen  that  tlie 
structure  plunges  eastward,  a fact  further  confirmed  by  the  observation 
that  the  beds  along  the  axis  do  actually  dip  7°  toward  the  east. 

The  grain  trends  X.40°W.,  and  dips  80° E. 

Ilistonj  and  dcvelopmenf. — X'othing  is  known  of  the  history  of  this 
quarry.  It  has  the  appearance  of  having  been  abandoned  at  lea.st 
10  years  ago. 

A small  dump  remains,  but  no  machinery. 

Nearby  opening. — About  100  feet  northeast  of  the  last  is  a very 
small  opening,  showing  essentially  the  .same  structure. 

20.  ALBIOX  QUAKRY 

This  large  opening  is  worked  by  two  companies,  the  Keenan  Struc- 
tural Slate  Company,  which  operates  the  western  half  of  the  quarry, 
and  the  Stephens-Jackson  Company.  The  dividing  line  between  the 
two  properties  extends  from  the  elbow  in  the  southeastern  'wall  to 
about  the  middle  of  the  northwest  side,  but  working  agreements  permit 
the  companies  to  operate  each  on  the  property  of  the  other.  Eactory, 
stock  piles,  and  landing  of  the  Stephens-Jackson  Com])any  are  on 
the  souther2i  side  of  the  opening,  and  the  mills  and  landing  of  the 
Keenan  Company  are  northwest  of  the  quarry. 

Location  and  dinieiisions. — The  Albion  quarry  is  2,0U()  feet  south 
of  the  Pen  Argyl  post  office  and  1,500  feet  east  of  the  Parsons  quarry, 
from  Avhicli  its  huge  dump  can  be  seen  rising  to  the  east.  It  is  the 
largest  opening  in  the  district  in  area  and  in  volume.  Khombic  in 
shape,  it  has  areal  dimensions  of  600  feet  X’'.-15°AV.,  and  900  feet  X". 
60°E.  Its  dej)th  varies,  as  there  are  several  working  levels  in  each 
of  the  two  parts,  but  the  greate.st  depth  measured  is  325  feet  l)elow 
the  surface,  the  depth  of  the  water  level  in  the  bottom  of  the  pit. 

On  the  east  side  the  Stephens-Jackson  Company  is  operating  on  five 
levels,  cut  much  like  a flight  of  stairs,  each  lower  level  nearer  the 
middle  of  the  opening  than  that  above.  The  successive  depths  of  these 
levels  are;  toi>  level.  85  feet  below  the  surface;  2d  level,  120  feet;  3rd 
level,  265  feet ; 4th  level,  305  feet ; bottom,  32.)  feet.  Along  the  western 
side  the  Keenan  Company  has  opened  levels  at  210  feet,  and  at  the 
bottom  325  feet  below  the  surface.  The  operations  of  the  latt<‘r  com- 
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pany  include  -work  along*  tke  northwest  wall  of  the  opening  just  west 
of  the  property  line. 

The  hole  is  partly  encircled  by  a large  dump,  which  begins  in  the 
western  corner  and  extends  south  and  east  half-way  around  the  quarry. 

Geology. — Although  the  two  parts  of  the  opening  are  separately 
worked,  the  geology-  of  both  parts  is  similar  and  may  be  described  at 
once.  The  beds  exposed  are  all  in  the  Albion  “run.”  The  Jenny 
AVeeks  bed  is  seen  in  the  northernmost  reentrant  in  the  northwest  wall 
of  the  pit.  The  Genuine  big  bed  of  the  Albion  “run”  is  quarried  on 
several  levels  in  the  eastern  part  of  the  opening.  The  Gray  bed  comes 
to  the  surface  about  the  middle  of  the  northeast  and  southwest  walls. 

Operations  in  the  Keenan  half  of  the  quarry  have  been  confined  in 
recent  years  to  the  upper  beds  of  the  Albion  “run,”  from  the  Gray 
bed  on;  in  the  Stephens-Jackson  half  the  levels  have  developed 
chiefly  the  middle  and  lower  parts  of  the  Albion  “run,”  although 
the  lowest  (Jth)  working  level  extends  almost  to  the  Jenny  AVeeks 
bed. 

AA^hen  the  northeast  wall  is  viewed  from  the  southwest  side  of  the 
quarry,  the  trire  structure  is  readily  seen.  It  is  evident  that  the  beds 
dip  south  at  the  surface,  become  vertical  at  a depth  of  about  200  feet, 
and  then  turn,  so  as  to  dip  north.  There  is  thus  defined  a syncline 
having  an  axial  plane  that  irrelines  gently  southward  (see  Plate 
XXA’III,  A and  Figure  15,  p.  67  V This  structure  carries  on  into  the 
southwest  wall  of  the  opening. 

It  was  found  that  the  beds  are  generally  thicker  on  the  loAver  limb 
of  the  syncline  than  on  the  upper. 

In  about  the  middle  of  the  northwest  wall,  just  west  of  the  property 
line,  a reentrant  leads  northward.  The  north  wall  of  this  step-like  re- 
entrant is  a very  smooth  surface,  apparently  a bedding  plane.  This 
smooth  surface  forms  the  upper  half  of  the  wall ; lower  down,  however, 
it  is  broken  away,  partly  by  channelling,  partly  by  undercutting. 
This  surface  is  a bedding  slip  fault,  and  has  been  described  under 
that  head  in  the  section  on  the  structural  geology*  of  the  region. 

An  interesting  fact  in  regard  to  the  cleavage  in  this  quarry  is  its 
curvature.  In  the  upper  levels  of  the  eastern  half  of  the  opening 
the  cleavage  locally  actually  dips  north,  yet  is  not  crumpled.  The 
impression  of  a very  gentle  arch  is  conveyed  by  this  departure  from 
the  customary  southward  dip.  Elsewhere  the  cleavage  dips  gently 
south  (see  Plate  XXA'III,  A). 

The  grain  in  the  western  half  of  the  quarry  strikes  X.  45-55°  AV., 
and  is  vertical.  In  the  eastern  half  it  swings  more  northerly,  X.  38°' 
AV.  being  recorded.  Two  very  poor  observations  gave  N.  25°AV.,  but 
their  accuracy  is  doubted. 
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PLATE  XXX 


A.  Bedding  slip  fault  or  ■’kiose  ribbon''  in  north  corner  of  Albion  '\’ein  iinarry. 
Fault  plane  at  A ; typical  closely-spaced  vertical  joints  below  it. 


B.  Bedding  slip  fault  of  West  Bangor  quarry,  as  seen  in  northeast  wall. 
Fault  plane  is  to  left  of  A.  Beds  south  i to  right ) of  fault  dip  steeply  south  at 
surface : north  of  fault  the  dip  is  more  gentle  and  north.  Note  joints  on  smooth 
face  north  of  fault. 
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Joint  systems  are  recognized  Avitli  difficulty.  A set  of  steeply 
dipping  joints  strikes  N.  35°E.  in  the  ivestern  part  of  the  hole,  and 
their  coiinterparts  dipping  more  gently  (70°)  north  are  recognizable 
in  the  Stephens-Jackson  part  of  the  opening.  Higher  up  the  joints 
in  the  eastern  part  of  the  quarry  strike  X.  60-75°E.,  and  dip  moderate- 
ly or  gently  north.  Tlie  regularity  of  the  joints  in  these  upjier  leATls 
is  striking  (see  Plate  IX,  A and  Plate  XXIX). 

History  and  development. — As  stated,  this  opening,  the  old  Court- 
ney quarry,  has  been  developed  in  both  directions,  the  eastern  part 
being  the  property  of  the  Ste]Jiens- Jackson  Company,  the  we.stern  of 
the  Albion  Slate  Company  (formerly  the  Keenan  Structural  Slate 
C’ompany).  AVork  has  continued  for  49  years.  The  property  origin- 
ally belonged  to  Peter  Robertson,  from  Avhom  the  Stephens-Jackson 
portion  was  bought  for  $5,000  in  1909  by  the  present  holders. 

The  major  portion  of  the  stock  of  the  Stephens-Jackson  Coniiiany 
is  now  held  by  Richard  Jackson,  Jr.,  Henry  E.  Stephens,  and  Fletcher 
Turner.  The  charter  for  this  new  corporation  was  issued  in  1907. 

The  Keenan  part  of  this  quarry  ivas  obtained  by  the  present  owners, 
under  the  leadership  of  Air.  AVm.  II.  Keenan,  through  purchase  from 
John  Aliller  of  Nazareth  ; a majority  of  the  stock  Avas  controlled  by 
ilie  Keenan  estate,  and  a small  part  Avas  held  by  Air.  Charles  Aliller 
of  Bangor.  vSince  the  death  of  Air.  Keenan  in  1923,  the  projierty 
has  passed  into  the  hands  of  the  Albion  Slate  Company,  Easton,  Pa., 
the  AVm.  H.  Keenan  Estate,  and  the  R.  S.  BroA\m  Estate.  The  present 
capitalization  is  $200,000. 

The  StejJiens- Jackson  Company  oAvns  a capacious  mill,  equipped 
AA'ith  four  large  saAA'ing  tables,  a small  saAving  table,  4 planers,  3 rubbing 
beds,  a carborundum  Avheel  for  sharpening  saws,  another  such  Avheel, 
mounted  so  as  to  move  over  a fixed  table,  rotated  at  the  rate  of  1.400 
revolutions  per  minute,  and  used  for  trimming,  a buffer,  and  a Shep- 
ard crane.  A Avide  space  is  left  in  the  middle  of  the  mill,  and  oati*- 
head  crane  tracks  are  on  either  side  of  this  central  space ; these  lead 
vlown  the  length  of  the  mill  and  permit  the  ready  shifting  of  the  crane. 
EleA'en  shanties  Avere  in  use  in  1923. 

The  production  includes  all  A’arieties  of  structural  slate,  blackboards, 
electrical  slate,  and  roofing. 

The  Keenan  Conqiany  operates  Iavo  mills.  One  of  these  has  four 
large  saAving  tables  and  an  equal  number  of  planers,  tAvo  rubbing  beds, 
an  electrically  driven  carborundum  Avheel  for  sharpening  the  saAA's  and 
planing  knives,  a small  carborundum  Avheel  for  beATlling  and  cutting 
smaller  pieces  of  slate  to  the  desired  shape,  and  an  automatic  drill. 

A second  mill  belonging  to  this  company  contains  7 saAving  tables, 
3 planers,  3 rubbing  beds,  1 emery  Avheel  for  trimming,  1 emery  Avheel 
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for  sharpening’  saws,  1 grind  stone  for  sharpening  planer  knives,  1 
wood  saw. 

A track  for  a Shepard  5-ton  crane  runs  the  length  of  this  mill. 

The  production  of  the  Keenan  Company  includes  all  types  of  struct- 
ural slate,  electrical  slate,  and  blackboards,  ivith  roofing  slate  relatively 
less  important. 

30.  JACKSON  BANGOR  NO.  7 QUARRY. 

Location  and  dimensions. — Southeast  of  the  main  part  of  the  town 
of  Pen  Argyl  are  seven  openings  which  have  long  been  known  as  the 
Jackson  Bangor  ciuarries ; older  names  for  this  group  of  openings  still 
persist,  however,  and  some  of  them  are  used  in  this  report.  The  seven 
quarries  are  generally  referred  to  by  number,  the  old  Pennsylvania 
quarry,  that  farthest  northeast  of  the  group,  being  sometimes  spoken 
of  as  the  Jackson  Bangor  No.  1. 

The  southwesternmost  quarry  is  designated  by  the  owners  the 
Jackson-Bangor  No.  7 quarry.  It  lies  about  1,000  feet  east  of  the 
Albion  quarry  and  it  measures  250  by  300  feet.  At  the  time  of  these 
studies  the  eastern  side  of  the  quarry  was  being  stripped  for  further 
development,  but  the  main  hole  is  water-filled  to  a depth  of  about 
150  feet.  The  dump  lies  to  the  south. 

Geology. — The  quarry  was  not  studied  in  detail  because  of  its 
inaccessibility.  The  overburden  is  20  to  35  feet  thick  and  consists  of 
glacial  till,  with  boulders  mainly  faceted,  rarely  well  rounded,  set 
in  a matrix  of  sandy  clay.  This  till  passes  downward  gradationally 
into  slate  chips  and  weathered  slate. 

The  cpiarry  at  the  surface  is  opened  in  about  the  ndddle  of  the 
Albion  “run.”  Approximated  midway  in  the  northeast  side  the  Gray 
bed  comes  to  the  surface.  The  opening  also  yielded  the  Little  Hard 
big  and  Genuine  big  beds. 

The  strata  strike  N.  63°  E.  and  dip  16°  SE.  at  the  surface.  At  a 
depth  of  about  160  feet  the  strata  are  said  to  have  been  cut  by  a fault 
that  is  probably  the  one  seen  in  the  lowest  level  of  the  Jackson  Bangor 
No.  6 quarry.  Below  this  fault  the  beds  moved  northward,  carrying, 
according  to  one  observer,  the  Little  Hard  big  bed  above  against  +he 
Genuine  big  bed  beloAV,  a movement  of  about  70  feet  along  the  fault 
plane,  in  the  direction  N.  30°  W.  The  estimates- of  the  amount  of  dis- 
placement vary  greatly,  however,  for  one  quarryman  says  that  th.e 
movement  equalled  the  entire  thickness  of  the  Albion  “run.”  This 
fault  has  been  described  in  the  section  on  the  structure  of  the  region. 

As  in  the  quarries  to  the  east  and  west,  the  beds  tnrn  at  some 
depth,  so  as  to  dip  nortlnvest  in  the  lower  depths  of  the  quarry.  The 
cleavage  strikes  N.  42°  E.  and  dips  16°  SE.  Grain  trends  N.  47°  ^Y. 
A well-developed  set  of  joints  is  seen  on  the  walls;  these  strike  N.  20-30° 
E.  and  dip  30°  NW. 
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History  and  development. — The  history  and  development  of  this 
quarry  are  described  in  the  section  on  the  Jackson  Bangor  No.  6 
quarry.  It  was  first  operated  by  the  Jackson  Brothers  Slate  Company, 
l)ut  purchased  by  the  Jackson  Bangor  Company  in  1907. 

31.  UNITED  STATES  (.TACKSON  BANGOR  NO.  3)  QUARRY. 

Location  and  dimensions. — This  quarry  lies  about  1,000  feet  S.  60°  E. 
from  the  Pen  Argyl  post  office.  It  is  of  irregular  shape,  having  had 
its  original  form  greatly  modified  by  the  dumping  of  material  from 
the  quarries  to  the  north  and  south.  The  eastern  portion  extends 
X.  50°  E.,  and  has  a length  of  800  feet  and  a maximum  width  of  250 
feet,  with  numerous  reentrants.  AVestward  this  is  continuous  with 
a rhomb-shaped  opening  the  greatest  length  of  which  (600  feet)  trends 
east  and  west,  while  the  shorter  northerly  dimension  is  about  300  feet. 

This  quarry  was  largely  filled  with  water  when  visited  in  1924,  and 
the  structure  of  the  slate  at  depth  was  therefore  not  visible.  The  water 
covers  all  but  the  upper  50  feet  of  slate,  rising  within  62  feet  of  the 
surface  of  the  ground.  On  the  southwest  side,  however,  extensive 
stripping  was  in  progress,  and  the  hole  was  being  enlarged  beyond  the 
dimensions  shown  on  the  maps  and  given  above.  The  material  re- 
moved by  these  operations  was  being  hauled  up  an  incline  along  the 
northern  edge  of  the  opening  and  dumped  back  into  the  hole. 

Geology. — As  the  slate  is  not  accessible  at  depth,  only  surface  ob- 
servations could  here  be  made.  The  glacial  overburden  is  five  or  more 
feet  thick  and  resembles  that  seen  at  the  Jackson  Bangor  No.  7 quarry. 

The  opening  has  given  its  name  to  a series  of  beds  which  were  not 
accessible  to  measurement  in  any  of  the  quarries,  the  United  States 
“run.  ” 

A study  of  the  structure  indicates  that  the  beds  in  general  dip  south- 
easterly on  the  southern  (upper)  limb  of  a northward  overturned 
syncline.  In  the  northwestern  part  of  the  quarry  the  beds  dip  50°  NAV. 
but  are  probably  not  overturned.  In  the  middle  of  the  western  part 
the  strike  is  N.  50-65°  E.,  the  dips  varjdng  between  60  and  80°  SE. 
as  the  beds  are  crossed  southward.  Erosion  in  this  part  of  the  struc- 
ture niu.st  have  removed  a sharp  turn,  however,  and  a slight  eastward 
pitch,  for  on  the  extreme  eastern  edge  of  the  opening  the  beds  are 
well-nigh  horizontal,  changing  from  a dip  of  24°  SE.  at  the  northeast 
corner  to  37°  NAV.  at  the  southeast  corner,  the  strike  remaining  N.  63- 
66°  E.  It  is  quite  possible  that  this  marked  difference  in  structure 
may  be  due  to  a fault  that  cuts  across  the  quarry.  This  fault  is 
probably  the  higher  one  of  the  two  in  the  Jackson  Bangor  No.  6 
quarry,  for  the  projection  of  its  plane  would  give  it  that  position.  As 
the  movement  of  the  eastern  block  of  this  fault  was  down  and  south- 
ward in  the  Jackson  Bangor  No.  6 opening,  it  is  altogether  probable 
that  the  appearance  of  a gentle  syncline  in  the  strata  on  the  east  side 
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of  the  United  States  quarry  is  due  to  the  dropping-  of  the  upper  limb 
of  a syneline  below  the  erosion  surface  at  this  point.  Quarrymen 
commonly  speak  of  a fault  in  this  quarry  and  it  is  believed  that  this 
is  the  fault  referred  to. 

The  cleavage  strikes  uniformly  about  X.  70-75°  E.,  and  dips  40-50° 
SB.  Grain  trends  X.  47°  W. 

Because  of  the  inaccessibility  of  the  walls,  the  joints  in  this  quarry 
were  not  studied  in  detail.  Those  recorded  strike  X.  30°  E.  with 
dips  of  80°  XW.,  or  X.  20°  W.,  dipping-  58°  X. 

History  and  development. — This  is  one  of  the  oldest  quarries  of  the 
district.  It  was  originally  a part  of  the  estate  of  J.  I.  Blair,  the 
former  part  owner  of  the  Bangor  & Portland  Railroad.  It  was  ap- 
parently operated  under  lease  by  the  United  States  Slate  Company,  in 
which  J.  Masters  and  Barney  Ribble  were  the  principal  stockholders. 
In  1907  the  property  was  purchased  by  the  Jackson  Bangor  Slate 
Company.  Of  recent  years  it  has  not  been  worked,  the  period  of 
cessation  beginning  with  the  recent  great  war,  but  the  quarry  is  now 
again  being  opened  on  the  western  side. 

Two  masts  and  the  remains  of  an  old  power  plant  are  still  to  be 
seen  on  the  dump  to  the  south.  Here  are  also  seven  shanties. 

.32.  HERCrEES  QUARRY. 

Location  and  dimensions. — This  opening  is  only  100  feet  north  of  the 
United  States  quarry.  It  measures  400  by  200  feet,  the  longer  dimen- 
sion extending  northeastward.  It  is  worked  on  one  level  only,  the 
bottom  of  the  quarry ; this  has  a depth  of  235  feet  below  the  surface. 
The  dump  lies  to  the  east. 

Various  names  have  been  applied  to  this  opening,  including  IMasters, 
Bolger,  and  Jackson  Bangor  Xo.  2 quarry.  The  old  name  Hercules 
cpiarry  is  here  retained. 

Geology. — The  beds  exposed  in  this  opening-  make  up  the  Pennsyl- 
vania “run,”  a series  that  derives  its  name  from  the  quarry  to  the 
east.  As  far  as  known,  these  strata  are  not  seen  in  other  quarries  of 
the  region.  One  conspicuous  bed,  having  a thickness  of  11  feet,  3 
inches,  is  seen  in  the  present  working  level  near  the  north  wall ; the 
other  beds  in  this  level  are  all  thinner. 

At  the  surface  the  beds  strike  X.47°E.,  and  dip  northward  31° 
along  the  north  wall  of  the  quarry  and  39°  on  the  south  wall.  At 
a depth  of  80  feet  they  assume  a vertical  position,  wliicli  marks  the 
almost  horizontal  axis  of  the  northward  overturned  anticline.  There 
are  several  smaller  rolls,  to  a depth  of  about  150  feet ; then  the  beds 
resume  the  northward  dip,  Avhich  they  retain  to  the  bottom  of  the 
quarry.  There  is  evidence  in  the  loAvest  part  of  the  Avail,  hoAveA'er, 
that  the  beds  again  assume  a steeper  dip,  suggesting  the  occurrence 
of  another  axis  Avith  depth  (see  Figure  37). 
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Several  smaller  faults  are  visible  in  the  northwest  wall,  the  bedding 
traces  being  offset  as  they  cross  the  fault  planes.  In  the  bottom  of 
the  opening  there  is  a small  fault,  the  strike  and  dip  of  which  are 
N.  5-20°  W.,  38-50°  NE.,  respectively.  The  displacement  is  about  7 
feet  in  a N.  50°  direction  along  the  fault  plane.  Striae  on  the 
fault  wall  dip  25°  SE.  in  the  plane  of  the  fault:  the  movement  Avas 


axes  at  depth  of  80  and  200  feet.  Some  foreshortening  in  deeper 
parts  of  quarry. 


thus  largely  horizontal,  the  east  side  moving  northward.  This  prob- 
ably I’epresents  a minor  adjustment  of  a thrust  nature,  giving  the 
same  effect  as  the  faults  already  mentioned  in  the  Albion  Vein  and 
the  Jackson  Bangor  No.  7 quarries,  and  yet  to  be  described  in  the 
Jackson  Bangor  No.  6 quarry  (see  below).  Projected  to  the  surface, 
the  fault  plane  appears  to  coincide  most  closely  with  the  fault  of  the 
Jackson  Bangor  No.  6,  but  as  the  movements  in  these  tAvo  faults  are 
oppositely  directed,  it  is  difficult  to  correlate  the  tAvo.  The  Hercules 
fault  is  of  too  small  a displacement  to  be  sIioaaua  on  the  maps. 
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Cleavage  strikes  N.  43°  E.,  and  dips  24°  SE.  at  the  surface.  On 
the  vorking  level  the  strike  is  X.  65-90°  E.,  and  the  dips  are  slightly 
lower.  Grain  trends  X.  50-60°  W.  The  joints  measured  all  fall  into 
a X.  60°  E.  system,  much  like  one  of  the  sets  observed  in  the  Albion 
Vein  and  Jackson  Bangor  Xo.  6 quarries  (see  Plate  XVII,  C). 

History  and  development. — This  ciuarry  was  opened  about  1S85  and 
long  worked  by  the  Hercules  Slate  Company,  whose  ]iresident  was 
William  Masters,  under  a lease  obtained  from  J.  I.  Blair  and  later 
from  the  Jackson  Bangor  Slate  Company.  The  company  was  incor- 
porated in  1905.  At  this  time  the  opening  was  spoken  of  as  the  Masters 
quarry.  In  1920  the  lease  and  operations  came  into  the  hands  of  the 
Belmont  Slate  Company,  the  chief  stockholder  being  i\Ir.  Thomas  Bolger 
of  Bangor.  The  present  capitalization  of  the  Belmont  Slate  Company 
is  $50,000. 

The  mill  is  equipped  with  3 sawing  tables,  2 planers,  1 rubbing  bed, 
and  1 bulling  machine. 

Five  shanties  were  in  use  in  1923. 

The  products  include  roofing  slate,  blackboards,  slate  for  ])lumbing 
fixtures,  grave  vaults,  table  tops,  and  other  structural  material,  and 
electrical  slate. 

:V.i.  PEXN8YLYAXIA  QUARK Y. 

Location  and  dimensions. — In  ground  plan  this  is  a rhombic  open- 
ing lying  about  1,200  feet  X”.  70°  E.  from  the  Pen  Argyl  postoffice  and 
about  500  feet  X.  30°  E.  from  the  Hercules  cpiarry.  As  the  opening 
has  long  been  abandoned  and  is  surrounded  by  a dump,  it  is  not 
readily  seen  from  the  street.  It  measures  300  feet  along  each  side. 

Even  as  early  as  in  1883  tlie  quarry  was  “full  of  water. Today 
the  opening  shoAvs  about  30  feet  of  slate  above  the  level  of  the  water. 
The  probable  total  depth  is  150  feet. 

Geology. — The  slate  comes  to  the  surface  Avithout  overburden. 

The  beds  opened  are  probably  slightly  higher  in  the  sequence  than 
those  in  the  Hercules  quarry.  They  Avere  noAvhere  actually  measured, 
but  one  conspicuous  bed,  estimated  to  be  10  feet  in  thickness,  occurs 
about  miclAvay  in  the  nortlnvest  Avail.  The  beds  strike  X.  55°  E.,  and 
dip  62°X.  at  the  nortliAA’est  edge,  22 °X.  at  the  southeast  edge.  XMrth 
of  this  quarry,  therefore,  an  anticline  axis  should  emerge. 

Cleavage  strikes  X.  62°  E.,  dips  22°  S. ; grain  strikes  X.  55°  W. 
and  is  A^ertical. 

History  and  development. — The  quarry  is  on  Avliat  Avas  formerly 
the  property  of  J.  I.  Blair,  but  is  noAV  OAvned  by  the  Jackson  Bangor 
Slate  Company.  It  Avas  bought  from  the  Blair  estate  in  1907  and  has 
experienced  repeated  revivals  of  operation  but  apparently  none  of 
long  duration.  It  AAms  the  first  quarry  opened  in  the  Jackson  Bangor 


^^3  Sanders,  R.  IT.,  Geology  of  Lehigh  and  Northampton  Coiintius:  rennsvlvania  Second  Geol. 
Survey,  D.  3,  vol , I,  p.  1883. 
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properties,  and  is  therefore  sometimes  spoken  of  as  the  Jackson  Bangor 
iVo.  1 quarry. 

No  quarry  equipment  remains  in  place. 

The  products  were  roofing  slate,  blackboard  material,  and  structural 
slate. 

34.  DIA:M0XD  QUAKRy. 

Location  and  dimensions. — This  quarry  lies  about  200  feet  south  of 
the  middle  of  the  United  States  quarry.  It  is  a roughly  rhombic  open- 
ing, measuring  about  300  feet  in  each  direction,  although  the  south- 
western side  is  shorter  than  the  other.  The  depth  of  the  slate  exposed 
is  75  feet  from  surface  to  water  level,  but  probably  the  quarry  is  at 
least  100  feet  deeper,  to  judge  by  the  slate  dump  to  the  south. 

Geology. — There  is  here  no  glacial  overburden,  only  weathered  slate 
being  seen  above  rock  fresh  enough  to  be  quarried. 

The  beds  exposed  constitute  the  Diamond  “run”  and  are  seen  again 
in  the  Parsons  and  Noav  Diamond  quarries.  In  the  Diamond  quarry 
they  were  not  studied  in  detail  because  not  accessible. 

The  structure  is  uniform,  as  far  as  can  be  seen,  everywhere  in  the 
quarry ; thus  the  strike  and  dip  of  three  observations  taken,  respec- 
tively, in  the  northeast  wall,  the  south  wall,  and  the  extreme  southeast 
corner  are  (1)  N.  65°  E.,  dip  69°  SE.,  (2)  N.  65°  E.,  dip  73°  SE., 
(3)  N.  72°  E.,  dip  65°  SE. 

The  cleavage  strike  varies  greatly,  but  apparently  the  mean  is  about 
N.  40°E.,  with  gentle  south  dips.  The  grain  trends  N.53-63°AV. 

The  northwest  (“back”)  wall  is  developed  along  a “loose  ribbon.” 
This  bears  numerous  joints  two  feet  or  less  apart  and  appearing  to 
strike  N.  15-35°  E.,  and  to  dip  50°  S. ; these  are  quartz-  and  calcite- 
filled.  In  the  southeast  corner  several  joints  strike  N.  5°  AV.,  and  dip 
50°  SAV. 

It  is  said  that  the  water  level  of  this  quarrj^  is  related  to  that  of 
the  Jackson  Bangor  No.  5 (see  below).  AA^hen  No.  5 is  drained,  the 
level  in  the  Diamond  quarry  is  noticeably  low. 

History  and  development. — Like  the  Pennsylvania  quarry,  this  open- 
ing has  been  abandoned  for  several  years. 

It,  too,  passed  from  the  hands  of  J.  I.  Blair  into  the  ownership  of 
the  Jackson  Bangor  Slate  Company.  The  opening  Avas  operated  by 
Camm,  Sandt,  and  Kellow,  under  the  name  of  the  Diamond  quarry, 
a lease  having  been  arranged  Avith  the  OAAuiers. 

There  is  no  machinery  on  the  dump,  and  of  the  buildings  only  one 
small  transformer  station  remains. 

.35.  .JACKSON  BANGOR  NO.  G QUARRY. 

Location  and  dimensions. — This  deep  opening  lies  about  1,200  feet 
S.  50°  E.  from  the  Pen  Argyl  post  office,  and  is  the  next  quarry  due 
east  of  the  Jackson  Bangor  No.  7 opening.  At  the  surface  it  is 
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roughly  rhombic  in  form,  the  sides  measuring  250  and  300  feet,  the 
dimensions  in  the  northeast  direction  being  the  greater.  The  depth  was 
380  feet  at  the  deepest  part  of  the  lowest  level  (192-1),  but  continued 
sinking  since  has  probably  increased  that  figure.  In  addition  to  this 
lowest  working  level,  which  rises  northward  with  the  cleavage,  there 
are  two  higher  “pieces”  at  a depth  of  290  and  115  feet  lielow  the 
surface.  These  upper  levels  rise  as  benches  along  the  northeast  side 
of  the  quarry;  the  more  northerly  bench  is  the  highest  “piece”  or  level. 

The  large  dump  to  the  south  has  received  all  the  material  removed 
from  the  opening. 

Geology. — This  quarry  on  its  several  working  levels  opens  all  of 
the  Albion  “run.”  On  the  southern  edge  of  the  lowest  level  is  the 
Hard  Front  big  bed.  On  the  uppermost  level  the  lower  part  of  the 
Jenny  Weeks  bed  is  seen  against  the  north  wall.  The  several  beds  have 
been  described  in  various  places  in  this  report  and  their  order  is  given 
in  the  section  entitled  “The  Economic  Geology  of  the  Slate.” 

Structurally  the  quarry  exposes  a rather  open  syncline  with  an 
almost  flat  axial  plane,  the  two  upper  levels  being  in  the  upper 
(southern)  limb  and  the  lowest  piece  in  the  northern  limb.  Thus,  on 
the  topmost  level  the  beds  strike  N.  60-65°  E.,  and  dip  65-80°  S.,  while 
in  the  lowest  level  they  strike  N.  40-50°  E.,  and  dip  10-35°  NAV.  The 
strikes  on  the  upper  and  lower  limbs  diverge,  as  noted,  and  the 
cleavage  strike  is  more  nearly  parallel  with  the  strike  of  the  beds 
below  than  above.  There  is  a suggestion  in  these  relations  that  the 
axial  line  of  the  beds  swings  northward  as  it  is  followed  east. 

The  cleavage  dips  gently  south,  15-30°  and  strikes  N.  40-60°  E.  Grain 
trends  N.  45°  W.  For  jointing,  see  Plate  XVII,  B,  p.  132. 

Three  faults  are  seen  in  this  quarry.  They  all  strike  northwestward 
and  dip  to  the  northeast,  and  there  is  evidence  that  the  movement  is 
mainly  horizontal  and  southward  on  the  east  side  of  the  fault  idane. 
One  is  seen  in  two  of  the  cpiarry  walls  near  the  eastern  corner  of  the 
opening,  about  50  feet  below  the  surface.  The  other  two  are  on  the 
lowest  working  level.  For  a further  description  of  these  faults,  the 
reader  is  referred  to  pages  63-65  in  the  section  describing  the 
structure  of  the  slate.  Offsets  of  a similar  nature,  but  on  a much 
smaller  scale,  are  visible  on  the  northwest  and  southeast  walls. 

Beginning  at  the  surface,  along  the  northeast  wall  of  the  quarry, 
a conspicuous  “loose  ribbon”  leads  downward  in  a curve  parallel  with 
the  bedding.  Although  there  apparently  has  not  been  much  move- 
ment along  the  plane  at  this  point,  it  is  believed  that  the  open  crevice 
or  “loose  ribbon”  represents  the  trace  of  a bedding  slip  fault. 

In  ciuarrying,  the  management  has  found  operations  very  expensive 
in  certain  stages  in  the  descent,  Imcause  of  numerous  closely  spaced 
joints  attributed  to  the  three  high  angle  faults  mentioned.  Although 
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it  is  true  that  some  jointing  is  associated  -with  these  faults,  it  is 
almost  certain  that  by  far  the  greater  portion  of  the  observed  joints 
are  related  to  the  movement  along  the  bedding  slip  fault,  a structure 
Avhich,  being  almost  parallel  with  the  bedding,  is  readily  overlooked. 
On  the  whole,  it  is  probable  that  this  quarry  will  be  more,  rather  than 
less  profitable  as  depth  is  gained,  as  this  increase  in  depth  gives  to 
Ihe  working  level  a greater  horizontal  distance  from  the  bedding  slip, 
the  latter  receding  farther  and  farther  into  the  wall. 

History  mid  development. — This  opening  Avas  AAmrked  by  the  Jack- 
son  Slate  Company  previous  to  its  purchase  in  1907  by  the  Jackson 
Bangor  Company. 

It  is  served  by  a mill  in  common  Avith  the  Jackson  Bangor  No.  7 
and  No.  5 quarries.  The  mill  equipment  is  described  under  the  detailed 
account  of  the  Jackson  Bangor  No.  5 quarry. 

The  landing  for  the  No.  6 quarry  is  on  the  dump  to  the  south. 

.sc.  .TACKSON  EAXOOP.  NO.  (i  SMALL  QEAURY. 

Location  and  dimensions. — This  small  opening  lies  immedately  south- 
east of  the  main  opening  of  the  Jackson  Bangor  No.  6.  It  is  about 
75  feet  square  and  105  feet  deep. 

Geology. — In  the  northea.st  corner  of  the  opening  the  Gray  bed  is 
exposed.  The  structure  resembles  that  of  the  main  opening.  At  the 
surface  the  strata  dip  18°  SB.,  but  in  the  bottom  the  dip  is  75°  SB., 
and  is  plainly  steepening.  The  extent  of  the  horizontal  shift  iiiA'oh'ed 
in  the  fault  described  as  visible  in  the  southeast  corner  of  the  No.  6 
quarry  is  indicated  by  the  southAvard  shift  of  the  Gray  bed  from  its 
outcrop  at  the  middle  of  the  main  No.  6 quarry  to  the  northeast 
corner  of  this  small  opening,  a displacement,  as  measured  along  the 
horizontal  reference  surface,  of  about  125  feet. 

Historii  and  development. — This  quarry  is  noAV  xised  as  a dump 
site  only.  Its  history  is  the  same  as  that  of  the  No.  6 main  opening. 

?>1.  .TACKSON  r.ANGOR  NO.  .5  (VALLEY)  CiUARRY. 

location  and  dimensions. — This  quarry  is  about  400  feet  N.  10°  AV. 
of  the  toAvn  of  Delabole,  on  the  Bangor  & Portland  (DelaAvare  Lack- 
aAA'anna,  & AVe.stern)  R.  R.,  and  about  100  feet  east  of  the  small  quarry 
just  described.  It  is  one  of  the  larger  openings  of  the  Pen  Argyl 
group,  measuring  500  feet  N.  80°  E.  by  250  feet  N.  30°  W. 

DeATlopment  is  in  three  leA^els,  a main  or  bottom  “piece,”  Avliich 
occupies  most  of  the  opening,  and  tAvo  small  rhombic  steps  in  the 
northeasterly  corner  of  the  quarry  that  are  each  aboAAt  110  by  125  feet 
in  size.  The  upper  level  has  a depth  of  95  feet ; the  intermediate  one 
is  140  feet  deep;  the  main  or  bottom  “piece”  varies  in  depth  from 
180  to  255  feet. 

An  extensiA’e  dump  lies  south  of  the  quarry. 
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Geology. — Tliere  is  a heavy  overburden  of  30  feet  of  rounded,  un- 
striated  boulders,  set  in  sandy  clay.  This  cover  thins  westward  and 
is  best  seen  on  the  east  wall. 

Beneath  this,  near  the  middle  of  the  northeast  wall,  the  (Iray  bed 
is  plainly  seen  and  shows  again  in  the  bottom  of  the  cpiarry.  The 
entire  Albion  “run”  is  thus  exposed  in  the  workings,  although  the 
dii'ergence  between  the  strike  of  the  beds  and  the  longer  dimension  of 
the  opening  carries  the  Gray  and  lower  beds  into  the  southeast  wall. 

The  structure  is  that  of  a northward  overturned  anticline  above 
and  its  complementary  syncline  below : the  beds  at  the  surface  dip 
44°  XW. ; but  loAver  down  they  dip  southeastward  at  moderate  angles; 
on  the  working  level  the  dip  is  northward  again,  from  50  to  80°.  The 
strikes  vary  slightly,  but  the  average  is  about  X".  70°  E.  Cleavage 
strikes  X".  80°  E.,  and  dips  15-30°  S.  Grain  trends  X".  45-53°  W. 

It  is  difficult  to  speak  of  any  of  the  joints  as  falling  into  distinct 
sy.stems ; almost  all  strike  northeastward,  and  of  these  many  strike 
X".  50°  E.,  whereas  another  group  .strikes  about  due  east ; both  have 
vertical  dips.  For  the  joint  pattern,  see  Plate  XVII.  A,  p.  132. 

Xear  the  northeast  corner  a fault  is  visible  on  the  wall.  The  trace 
of  the  fault  plane  dips  northward,  which  suggests  a northwest  strike 
with  a northeast  dip,  thus  similar  to  the  faults  already  described  in 
the  fpiarries  to  the  we.st.  Unfortunately,  however,  the  fault  ]>lane  was 
not  accessible  and  its  actual  strike  and  dip.  as  well  as  the  amount 
of  movement,  could  not  be  measured.  The  beds  east  of  the  fault, 
however,  are  .said  to  have  moved  north.  Small  faults  with  similar 
movement  are  .seen  near  the  surface  in  the  northeast  wall  just  north 
of  the  east  corner. 

Hisfonj  and  development.- — This  c[uarry,  together  with  the  Jackson 
Bangor  X"os.  7 and  6,  is  being  -worked  at  present  by  the  Jackson  Bangor 
Slate  Company.  It  was  originally  a part  of  the  Blair  estate,  and 
operated  under  lease  by  the  Valley  Slate  Company,  Wm.  Harding, 
manager.  In  1907  the  property  was  purchased  by  the  Jackson  Bangor 
Slate  Company.  In  1908,  the  X"o.  6 and  the  X"o.  7 quarries  pro- 
duced together  75,000  squares  of  roofing  slate,  but  production  de- 
clined greatly  during  the  Avar  and  has  but  lately  resumed  normal  size. 

The  company  is  undercapitalized,  its  stock  being  valued  at  $500,000. 

A A'ery  Avell  equipped  mill  serves  all  three  quarries.  It  has  been 
described  by  BoaaJcs^^'* *.  The  landings  are  on  the  south  side  of  the 
three  main  openings,  so  that  the  tracks  leading  to  the  mill  are  ac- 
cessible from  the  quarries.  A large  .stock  ])ile  lies  north  of  the  mill."^ 

The  production  includes  roofing  slate,  blackboards,  electrical  slate, 

Bowlob.  Oliver.  Op.  cit.,  p.  TO,  fiv".  1022, 

• A recent  innovation  is  an  excellently  equipped  roofin^^  slate  mill:  for  a description  see  Bowles, 
Oliver.  Ileoent  Pro;rress  in  Slate  Technolo^'’y : U.  S.  I>iir.  cif  Mines,  Ue;*  rts  of  investiga- 
tions, fig.  1,  1020. 
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and  slate  for  structural  purposes.  The  company  makes  a specialty 
of  the  latter  material  shaped  to  meet  particular  needs. 

.38.  QUARRY. 

Location  and  dimensions. — About  600  feet  due  east  of  the  Jackson 
Bangor  No.  ,5  (piarry  and  east  of  the  road  leading  from  Pen  Argyl  to 
Delabole  is  an  old  pit,  long  deserted.  It  measures  about  100  by  200 
feet,  the  longer  dimension  extending  N.  .30°  AV. ; the  opposite  sides  are 
parallel.  The  pit  is  only  20  feet  deep,  hence  does  not  reach  water 
level.  Some  waste  slate  is  dumped  at  the  edges  of  the  opening  but 
most  of  what  Avas  removed  Avas  overburden,  and  apparently  has  been 
utilized  as  road  metal. 

Geology. — The  slate  here  is  covered  Avitli  10  feet  of  reddish  glacial 
clay  and  rounded  boulders,  unassorted. 

The  strata  could  not  be  correlated  Avith  any  of  the  measured  sections, 
but  are  said  to  be  Avell  beloAV  the  Albion  “run.” 

The  beds  strike  X.  75°  E.,  and  dip  16°  S.  The  cleavage  strikes  N.  58° 
E.,  dipping  3-5°  N.  The  strata  are  here  apparently  on  the  south 
(upper)  limb  of  a syncline  AAuth  horizontal  axial  plane.  The  grain 
trends  N.  35°  AV. 

History  and  development. — Nothing  of  the  history  of  this  opening 
could  be  learned,  other  than  that  quarrying  Aras  done  more  than  10 
years  ago  and  AA'as  abandoned  AAhen  it  Avas  found  to  enter  beds  beloAV 
the  Albion  “run.” 

No  machinery  is  seen  and  it  is  thought  that  the  Avork  scarcely  passed 
the  stage  of  stripping. 

Several  small  trenches  are  opened  at  the  southern  side  of  the  main 
opening. 

30.  QUARRY. 

Location  and  dintensio)is. — Another  old  pit  lies  about  1,800  feet 
N.  80°  E.  from  the  Diamond  quarry  and  100  feet  north  of  the  road 
from  Pen  Argyl  to  the  American  Bangor  opening.  The  pit  is  noA\' 
filled  AAuth  Avater,  and  so  overgroAvn  Avith  grass  as  to  be  difficult  to 
find.  It  is  small,  measuring  only  about  130  by  75  feet. 

Geology. — There  is  no  glacial  overburden  here;  the  slate  has  decayed 
to  a depth  of  about  5 feet. 

The  beds  are  said  to  be  of  the  Albion  “run.”  They  strike  N.  62°  E., 
and  dip  23°  S.  The  dip  thus  resembles  in  direction  that  in  the  last 
described  quarry  (Quarry  No.  38),  but  is  steeper,  probably  because 
the  axial  plane  of  the  fold  dips  soutlnvard. 

In  the  nortliAA'est  corner  the  cleavage  strikes  N.  25°  E.,  and  dips 
8°  N.  at  the  one  locality  Avhere  the  strike  Avas  observed.  Grain  trend 
is  N.  40°  AV. 


WIND  (JAr-PEN  AKGYL  (JIMU  P 


221 


History  and  development. — The  history  is  not  knoAvn.  No  equip- 
ment remains. 

40.  OLD  CKOWX  QUAKRY. 

Location  and  dimensions. — This  quarry  lies  about  1,500  feet  N.  60° 
E.  from  the  Pennsylvania  quarry  and  is  only  about  50  feet  north  of 
the  Pen  Argyl-Bangor  highway.  It  measures  140  feet  N.  38°  W.,  and 
115  feet  N.  57°  E.,  the  longer  dimension  being  parallel  with  the  grain. 
The  opening  is  20  feet  deep  to  water  level,  but  must  have  a far  greater 
total  depth.  A large  dump  is  located  north  of  the  quarry. 

Geology. — The  upper  ten  feet  are  a sand  and  gravel  overburden, 
of  glacial  origin.  Immediately  heneath  this  is  fresh  slate. 

Projecting  the  strike,  the  beds  should  here  be  the  same  as  at  the 
Pennsylvania  quarry  to  the  west.  The  strike  is  N.  60°  E.,  with  dii)s 
25°  W.  One  bed  measures  9 feet  along  the  cleavage.  The  cleavage 
strikes  approximately  N.  58°  E.,  and  dips  gently  southward.  Grain 
trends  N.  40°  W. 

History  and  development. — No  machinery  remains  on  the  dump. 
The  history  is  given  under  the  description  of  the  Crown  quarry. 

41.  CROWX  QUARRY. 

Location  and  dimensions.— About  1,800  feet  N.  50°  E.  of  the  Pen 
Argyl  city  park,  and  in  the  little  settlement  of  West  Bangor  is  the  new 
Crown  quarry,  a rectangular  opening  measuring  300  by  225  feet,  with 
Its  larger  dimension  extending  about  due  nortliwest.  Some  60  feet  of 
slate  aie  visible  in  the  wall  above  water  level,  and  the  opening  was 
probably  about  50  feet  deeper.  A large  dump  is  situated  to  the  south 
of  the  quarry. 

Geology. — Under  a glacial  overlnirden,  from  3 to  10  feet  thick  and 
lesembling  that  in  the  W^est  Bangor  and  Bangor  Fidelity  quarries,  the 
beds  of  .slate  appear  .striking  N.  53°  E.,  with  a dip  of  72°  N.  at  the 
south  end  of  the  quarry,  hut  only  33°  at  the  north  end.  A .s;vuiclinal 
axial  plane  vith  a southward  dip  may  be  expected  to  appear  at  the 
surface  south  of  this  quarry. 

The  beds  exposed  are  continuous  along  their  strike  with  those  in 
the  West  Bangor  quarry,  which  is  described  on  a later  page. 

Cleavage  strikes  N.  53°  E.,  dips  40°  S.  The  grain  trends  about 
N.  40°W.  On  account  of  the  heavy  weathering  of  the  slate,  joints  are 
not  readily  studied  from  the  surface.  A bedding  slip  fault,  un- 
questionably continuous  with  that  seen  in  the  Bangor  Fidelity  and 
A est  Bangor  quarries,  shows  in  the  northeast  quarry  wall  about  1 00 
feet  from  the  south  end,  but  the  slipping  described  in  the  easterly 
quarries  is  greatly  reduced,  and  it  is  evident  that  the  faulting  is  on 
the  wane  westward  (compare  with  p.  223). 

History  and  development.— quarry  mg  here  was  begun  by  the  firm 
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of  Alfred  Doney  & Brothers  in  1892.  In  1910  this  and  the  Old  CroAvn 
quarry  to  the  south  came  under  the  management  of  the  Cro^vn  Slate 
Comiiany  of  Pen  Argyl,  Pa.  The  main  stockholders  were  iMr.  J.  S. 
Morss  of  Pen  Argyl,  and  i\Ir.  Fred  Hussey  of  New  York  City.  Capital 
stock  for  $50,000  was  issued. 

An  old  mill  and  power  plant  are  still  on  the  dumj)  south  of  the  open- 
ing. Three  cables  stretch  across  the  quarry  from  the  southeast  side. 

The  production  included  mainly  electrical,  structural,  and  black- 
board material.  Very  little  roofing  slate  was  made. 

42.  P.ANGOR  FIDELITY  QUARRY. 

Locaf'ion  and  dimensions. — About  600  feet  east  of  the  Crown 
quarry  is  the  western  of  two  almost  equidimensional  openings.  Both 
are  rhombic  in  plan  and  are  about  500  feet  long  in  a N.  55°  W.  direc- 
tion and  225  feet  wide.  The  eastern  is  the  West  Bangor,  the  Avestern 
the  Bangor  Fidelity  quariy. 

The  Bangor  Fidelity  is  about  800  feet  deep  at  its  greatest  depth. 
It  is  opened  on  one  IcatI  only,  Avhich  inclines  steeply  (24°)  soutliAA'ard, 
]iarallel  AA'ith  the  cleaA’age. 

The  large  dunq)  is  south  of  the  opening  and  merges  eastAA’ard  AA’ith 
that  of  the  West  Bangor. 

deolof/]/. — This  quarry  is  so  close  to  the  West  Bangor  that  the 
geology  of  the  two  openings  is  ])raetieally  identical.  There  is  an  OA’er- 
burden,  8 feet  thick,  of  glacial  mateibal.  Beneath  this  the  slate  sur- 
face, rising  soutliAvard,  shoAvs  beds  striking  N.  58°  E.,  dipping  35°  NW. 
at  the  northern  end  of  the  quarry ; at  the  south,  the  beds  strike  simi- 
larly, but  dip  85°  S. 

The  cleaA’age  strikes  N.  53°  E.,  dips  40°  S. 

The  beds  exposed  are  the  same  as  those  in  the  West  Bangor  opening. 

History  and  development. — History  and  development  of  these  open- 
ings are  linked  Avith  those  of  the  West  Bangor  quarry  and  are  dis- 
cussed under  that  head.  The  mill  and  factory  equipment  serA’e  both 
openings. 

42.  AVEST  BANGOR  QUARRY. 

Location  and  dimensions. — A Avail,  in  places  only  tAvo  feet  thick, 
sejiarates  this  from  the  quarry  to  the  Avest.  The  dimensions  are  similar 
to  those  of  the  Bangor  Fidelity  opening.  The  quarry  is  AAmrked  on  one 
leA'el  AA’hich  inclines  about  25°  south.  The  large  dump  lies  south  of 
the  opening. 

Geology. — The  slate  is  covered  by  a glacial  overburden  about  five 
feet  thick.  This  consists  of  sandy  clay,  largely  orange  in  color,  in 
AA’hieh  are  rounded  boulders. 

Beneath  this  the  slate  comes  to  vicAV,  first  Aveathered,  then  fresh. 
The  beds  worked  include  four  conspicuously  thick  ones.  Thickness 
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measurements  matle  in  the  quarry  are  as  follows,  iu  the  order  of 
superposition : 


Measured  seejuence  in  West  Bangor  rpiarrg. 


X"ame 

Thick 

Ft. 

ness 

In. 

Chief  use 

Big  bed  

3 

6 

electrical  slate 

Hard  roll  

6 

Intervening  beds  Avith  “ribbons”  . . . 

. . . 90 

O'- 

Big  bed  

8 

o 

blackboard 

Hard  roll  

3 

Intervening  beds  Avith  “ribbons”  . . . 

. . . 10 

6* 

Big  bed  

6 

10 

Auirious 

Hard  roll  

4 

Intei’A’ening  beds  Avith  “ribbons”  . . . 

. . . 90 

O'' 

Big  bed  

4 

5 

blackboard 

Hard  roll  

23 

^Thickness  estimated,  not  accurate. 


The  slate  is  somewhat  softer  and  more  brittle  than  that  in  the  Albion 
“run.” 

At  the  surface  in  the  noi’thern  end  of  the  quarry  tlie  beds  strike 
X.  57°  E..  dip  43°  X^. ; in  the  southern  end  the  dip  is  65°  S.  Tn  the 
quarry  wall  the  dip  reverses  and  in  the  working  level  all  he  Is  dip 
north,  at  aiig’les  of  10  to  15°.  As  in  the  Bangor  Fidelity  quarry, 
therefore,  a synclinal  axial  plane,  dipping  14°  S.,  emerges  near  the 
middle  of  the  quarry,  and  an  anticlinal  axial  plane  is  doubtless  ]iresent 
a little  south  of  the  opening. 

The  cleavage  at  the  surface  strikes  X.  61°  E.,  dips  30°  S.  Tn  the 
bottom  its  strike  and  dip  are  unchanged.  The  grain  trends  X.  45°  W., 
dips  80°  E. 

In  the  wall  of  the  quarry  a set  of  joints  trending  X.  55°  E.,  and 
dipping  75°  S.  is  seen.  In  the  bottom  a system  strikes  X.  10-30°  E., 
dips  70°  8.  There  is  a tendency  for  the  dips  of  the  first  set  of  joints 
to  cut  the  bedding  dip  at  right  angles. 

About  midway  in  the  quarry  sides  a bedding  slip  fault  comes  to 
the  siTrface.  AVith  it  are  associated  the  usual  numerous  joints  gently 
inclined  to  the  plane  of  the  fault.  The  beds  south  of  the  fault  bulge 
and  dip  noticeably  first  south,  then  north,  while  those  north  of  the 
fault  are  vertical  near  the  plane  and  dip  north  farther  away ; the 
closer  compression  of  the  fold  south  of  the  fault  plane  is  thus  clearly 
defined.  This  bedding  slip  fault  can  lie  traced  westAvard  through  the 
Bangor  Eidelty  and  Crown  quarries;  its  outcrop  at  the  surface  is 
marked  by  a shattered  zone  that  weathers  so  easily  as  to  leave  a 
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conspicuous  notcii  iu  the  quarry  ■wall.  The  feature  is  sho-wn  in  Plate 
XXX,  B,  p.  209. 

Ilisfory  and  development. — The  OAVuer  of  the  property  on  Avhieh 
this  and  the  Bangor  Fidelity  quarry  are  located  is  the  firm  of  Solomon 
Flory  and  Company.  The  West  Bangor  quarry  Avas  opened  in  1887  by 
John  Hull  of  Scranton.  After  this,  its  operation  Avas  taken  over  suc- 
cessi\"ely  by  a firm  represented  by  a Mr.  AVinsborough,  by  the  Lehigh 
Coal  & Navigation  Company,  and  by  Kress  & Speer  of  Pen  Argyl. 
In  1910  operations  ceased,  but  shortly  after  the  Bangor  Slate  Mining 
Company  resumed  quarrying;  this  firm  failed  in  1919. 

The  present  operator  is  the  Bangor  Fidelity  Slate  Company,  in 
Avhich  the  main  stockholders  are  Alessrs.  Oliver  Labar,  J.  I.  AA^eiss,  J. 
Ilamm,  Jr.,  A.  H.  Hamm,  and  Dr.  Billiard  of  East  Bangor. 

Taa’o  “factories”  are  located  on  the  dump.  Of  these  the  AA-estern  is 
a large  shed  equipped  AA'ith  tAAm  buck-saAAAS,  a rip-saAV,  four  planers, 
tAA’o  rubbing  beds,  an  emery  Avheel  for  sharjiening  knives,  a A^ertical 
carboimndum  AAdieel,  propelled  at  1,600  revolutions  per  minute,  for 
saAAuug  and  bevelling,  and  a Vermont  type  buffer.  Transportation  from 
table  to  table  is  effected  by  a boom  and  tackle,  and  tracks  lead  through 
the  mill.  Tavo  heavy  soaa’S  are  mounted  outside  the  factory,  and  hei’e 
there  is  also  another  boom. 

East  of  this  is  a smaller  mill,  containing  buck-saAV,  planer,  rip-saAV, 
carborundum  AA'heel  (for  saAving),  and  rubbing  bed  in  series.  This  mill 
is  used  mainly  for  finishing  electrical  slate. 

A small  Avood  shed,  Avith  a saAV,  is  provided  for  crating  finished 
products. 

The  tracks  that  lead  through  these  mills  turn  east  after  their  exit 
from  the  buildings,  lead  past  both  quarries,  and  run  along  a line  of 
seven  roofing  shanties.  It  is  thus  possible  to  load  roofing  material  on 
hand  cars  in  the  mill  and  transfer  it  to  the  shanties,  or  to  place  blocks 
destined  for  the  shanties  on  the  cars  directly  under  the  masts.  A further 
continuation  of  these  tracks  aauII  permit  the  final  transfer  of  finished 
roofing  slate  to  the  stock  house. 

Three  masts  serve  this  quarry,  and  another  three  support  cables  for 
the  Bangor  Fidelity  opening. 

The  products  are  structural,  electrical,  roofing,  and  blackboard  slate. 

44.  BANGOR  SUPERIOR  QUARRY,  SMALL  OPENING. 

A small  opening  of  the  Bangor  Superior  quarry  lies  just  Avest  of 
the  main  hole  bearing  that  name.  It  represents  a stripped  area 
practically  continuous  Avith  the  main  hole. 

The  geology,  history,  and  deATlopment  of  this  quarry  are  so  closely 
similar  to  those  of  the  larger  Bangor  Superior  quarry  that  they  are 
not  separately  discussed. 
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45.  P.AXGOR  SrPEKIOK  QT’APUY. 

Location  and  ditnensio)is. — Tlie  Bangor  Su])erior  quarry  is  al)out 
half  a mile  due  Avest  of  Koseto,  and  about  2,000  feet  N.  45°  E.  of  the 
West  Bangor  quarry.  It  is  an  almost  rectangular  opening,  roughly 
200  feet  square.  The  depth  to  the  present  Avater  level  is  130  feet. 

Work  is  progressing  on.  a series  of  irregular  leA’els  along  the  south- 
Avest  side  of  the  opening,  beginning  at  the  surface. 

The  dump  lies  northeast  of  the  quarry. 

Geology. — In  the  quarry  Avails  the  glacial  overburden  consists  of 
faceted  quartzite  and  conglomerate  boulders  and  slate  chips  in  a 
sandy  clay  matrix.  The  thickness  is  as  much  as  10  feet  locally. 

Three  thick  beds  are  Avorked,  one  of  Avhich  is  tlie  Johnny  Kress  bed. 
haA'ing  a “length”  of  9 feet,  7 inches  along  the  cleavage;  this  bed,  by 
careful  measuremenets,  could  be  correlated  Avith  one  of  the  thick  beds 
in  the  We.st  Bangor  quarry.  Stratigraphically  about  40  feet  beneath 
it  is  a bed  about  7 feet  “long”  (measured  on  the  cleaA'age)  ; roughly 
20  feet  loAA'er  in  the  sequence  is  another  thick  bed  about  10  feet  “long.” 

A feature  in  this  quarry  is  the  nortliAvest  strike  of  the  beds.  Thus, 
at  the  surface  the  strike  and  dip  are  N.  62°  W.,  11°  S.  In  the  bottom 
of  the  quarry  along  the  south  side  the  strike  is  N.  76°  W.,  the  dip 
12°  S.  The  strike  of  the  cleaA’age,  hoAveA'er,  retains  a northeastern 
direction,  being  N.  61°  E.,  Avith  a 35°  S.  dip  at  the  surface,  Avhile  in 
the  bottom  the  relations  are  the  same.  It  is  thus  clear  that  the  quarry 
is  on  a AvestAvard  pitching  syncline. 

The  grain  generally  trends  X.  50°  W.,  dips  75-90°  E. 

A set  of  joints,  striking  X.  42-50°  W.,  and  dipping  60-80°  S.,  is  seen 
in  the  east  corner  of  the  opening. 

History  and  development. — This  quarry  Avas  first  opened  in  1884 
by  a Mr.  Gumm.  The  lease  on  the  property  passed  into  the  hands  of 
the  folloAving  at  the  times  indicated:  Solomon  Plory,  1886;  Schoeh 

and  Messinger,  1890;  Wm.  II.  Keenan,  1895;  Thomas  Bolger,  1897; 
DaA'id  Stoddard,  1899. 

In  1901  Harry  A.  Mackey  bought  the  property  outright.  Then  the 
quarry,  machinery,  and  land  Avere  purchased  successively  by  the  fol- 
loAving:  Bangor  Star  Slate  Co.,  1905;  Slate  Products  Co.  of  America, 
1906 ; Bangor  Royal  Slate  Co.,  1909 ; Slate  Products  Co.,  1920. 

Since  1920  the  quarry  has  been  continuously  operated  by  the  Slate 
Products  Company,  Incorporated,  of  Bangor,  Pa.  Bonds  issiied  and 
outstanding  amount  to  $20,000,  stocks  to  $21,600.  The  chief  stock- 
holders are  Messrs.  David  Burke,  E.  V.  Gillner,  and  X.  II.  Ilazen. 

The  mill  is  on  the  dump  east  of  the  opening.  The  equipment  in- 
cludes tAVO  buck-saAvs,  four  rip-saAvs,  three  planers,  tAvo  rubbing  beds, 
and  a Vermont  type  buffer.  The  rubbing  beds  are  so  belted  to  the 
drive  shaft  as  to  be  stopped  separately. 
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Tlie  dum])ing  ai'raiigenient  permits  the  piling  up  of  -waste  slate  in 
two  places,  one  to  the  east,  the  other  nortlnvest  of  the  opening.  Cable- 
ways  are  used  in  both  eases,  and  gravity  returns  the  cars  after  un- 
loading. 

Three  cables  and  nia.sts  serve  the  opening. 

The  products  include  structural  and  electrical  slate  and  smaller 
quantities  of  roofing  slate  and  blackboards. 

40.  KELLER  QUARRY. 

Location  and  dimensions. — This  small  opening  is  on  the  northerly 
slo])e  of  the  same  hill  as  the  American  Bangor  quarry,  and  about  1,200 
feet  due  north  of  that  quarry.  The  hole  is  small  and  only  a little 
slate  is  seen. 

Geology. — No  overburden  is  present.  The  slate  strikes  N.  30°  E., 
dips  60°  S.  Cleavage  is  horizontal  or  dips  gently  northward,  with  a 
slight  tendency  to  curve.  No  beds  exceeding  two  feet  in  thickness  are 
exposed.  The  strata  are  said  to  have  been  a part  of  the  North  Bangor 
No.  3 “run.” 

History  and  development . — This  small  opening  was  little  more  than 
a ])rospect.  It  and  the  other  small  opening  400  feet  south  were  made 
by  Oliver  Saeger  and  Benjamin  Austin. 

47.  STECKER  QUARRY. 

Location  and  dimensions. — Tlie  Stecker  quarry  is  a prospect  pit, 
about  35  by  140  feet  in  ground  dimensions,  lying  800  feet  due  north 
of  the  northern  corner  of  the  American  Bangor  quarry.  The  longer 
dimension  extends  northeast,  at  right  angles  to  the  grain.  About  12 
feet  of  slate  are  seen  on  the  southeast  side. 

Geology. — Under  two  feet  of  overburden  slate  shows,  the  bedding 
striking  N.  31°  E.,  dipping  63°  S.  on  the  northwest  side,  but  only 
33°  S.  on  the  southeast.  Many  hard  rolls  are  visible.  The  opening 
is  thought  to  have  exposed  the  North  Bangor  No.  2 “run.” 

The  grain  trends  N.  40°  W. ; cleavage  is  horizontal. 

History  and  development. — For  the  history  of  tliis  opening  the 
reader  is  referred  to  that  of  the  Keller  quarry  above. 

48.  UULER  QUARRY. 

Location  and  dimensions. — The  road  from  Delabole  to  Bangor  passes 
abf)ut  1,000  feet  sontli  of  the  Bangor  Southern  and  American  Bangor 
quarries  and  then,  continuing  eastward,  cinsses  one  of  the  head  waters 
of  Martins  Creek  before  rising  to  the  hills  southwest  of  Bangor.  Up 
the  valley  of  the  creek  mentioned  and  on  its  west  side,  approximately 
GOO  feet  north  of  the  road,  is  a small  opening  (Quarry  No.  49)  on  the 
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property  of  ]\Ir.  Filler  of  Bangor.  Tt  measures  20  by  40  feet  ami  is 
15  feet  deep  to  water. 

About  400  feet  farther  north,  on  the  same  side  of  the  stream  is 
another  small  quarry,  here  spoken  of  as  one  of  the  Filler  quarries  and 
given  the  quarry  location  No.  48.  This  latter  opening  is  about  40  feet 
square  and  probably  40  feet  deep,  but  filled  with  water  so  that  now  a 
depth  of  only  10  feet  of  the  Avails  are  seen. 

Geology. — The  beds  exposed  in  the  north  opening  are  said  to  be  in 
the  North  Bangor  or  North  Bangor  No.  3 “run,”  but  they  could  not  be 
identified  in  these  studies.  They  strike  N.  70°  5V.,  dip  15°  N.  Cleav- 
age .strikes  N.  80°  E.,  dips  gently  south.  The  cleaA'age  is  fair,  but  the 
slate  is  rather  closely  ribboned. 

History  avd  development. — This  and  the  o]iening  400  feet  south  of 
it  are  said  to  be  on  the  Filler  property.  They  were  opened  between 
the  years  1904  and  1910. 

40.  niLER  QTAKRY. 

The  location  and  dimensions  and  the  history  of  this  opening  have 
already  been  gFen  under  the  deserijition  of  Quarry  No.  48. 

Geology. — The  excaA'ation  is  said  to  lun-e  laid  bare  a jiart  of  the  Old 
Bangor  “run.”  The  beds  strike  due  east,  dip  about  35°  N.  Those 
exposed  are  rather  closely  ribboned,  and  overturning  is  suggested  in 
the  northeast  corner.  It  is  re]iorted  that  there  Avas  a big  fault  in  this 
opening,  but  the  rumors  are  Auigiie  and  the  type  of  moA'ement  cannot 
be  defined. 

Developtnent. — An  old  boiler  and  one  or  two  Avooden  sheds  remain 
on  the  property. 

")().  AAIERICAX  r.AX(JOR  QUARRY. 

Lorntion  ami  dimensions. — This  opening  is  about  inidAvay  betAveen 
the  toAA’iis  of  Bangor,  Pen  Argyl,  and  Ackermanville,  and  1.5  miles 
from  each.  Its  high  dump,  on  AA’hich  one  mast  stands,  like  a flag  staff 
aboA'e  a ruined  fort,  is  Ausible  from  high  points  seA'eral  miles  distant. 
The  large  opening  is  about  300  feet  Avide  and  500  feet  long,  Avith  a 
rectangular  Aving  extending  yet  farther  into  the  southeast  side.  The 
greatest  length  is  in  a northeast  direction.  The  maximum  de])th  to 
the  Avater  that  fills  the  quarry  bottom  is  estimated  at  270  feet,  but  the 
total  depth  is  rejiorted  to  have  been  about  370  feet. 

The  large  dunqi  extends  virtually  all  around  the  quarry,  but  has 
mostly  been  built  up  on  the  eastern  sides. 

Geologji. — The  thickness  of  the  overbuialen  here  is  15  feet,  maximum, 
and  consists  of  decayed  slate.  Beneath  this  the  beds  are  seen  to  strike 
N.  60-70°  E.,  dip  15-30°  S.,  the  steeper  dips  being  along  the  south  side. 
It  is  said  by  Mr.  Blake  of  Bangor  that  the  strata  steepen  slightly  in 
the  bottom  of  the  cpiarry.  Apparently  the  beds  are  on  the  upper 
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]imb  of  an  overturned  syneline  having  a sontlnvard  dipping  axial 
plane.  The  structure  probably  ]ntclies  Avest,  so  as  to  carry  it  beloAV 
ground  level  in  the  Bangor  Southern  quarry. 

The  actual  correlation  of  these  beds  in  the  standard  scale  Avas  not 
possible  because  the  quarry  AA'alls  are  inaccessible,  but  operations  are 
said  to  haAT  exposed  the  middle  of  the  Old  Bangor  “run”  and  the 
Gray  bed  Avas  encountered  at  no  great  depth. 

The  cleaAmge  strikes  a])proximately  N.  70°  E.,  dips  8°  S.  The  grain 
trends  N.  43°  W.,  and  is  vertical. 

Vertical  joints  are  prominently  developed,  striking  N.  48-53°  E. 
Such  a joint,  apparently  continuous,  forms  the  entire  nortliAvest 
quarry  Avail.  The  surfaces  of  joints  of  this  system  are  commonly 
quartz-  or  calcite-coated.  The  quartz  is  clearly  the  earlier  mineral. 

Structurally  the  beds  in  this  quarry,  as  far  as  can  be  determined, 
are  continuous  Avith  those  in  the  southern  of  the  tAAm  Uhler  quarries  to 
the  east.  The  relation  is  also  sIioaati  in  Jhgure  38 ; here  the  AA'estAvard 


Figure  38.  Fold  Avitli  horizontal  or  gentl.v  dipping  axial  plane ; to  show  effect  of 
pitch  on  line  of  outcrop  and  direction  of  dip. 

pitch  of  the  structure  makes  the  beds  at  the  surface  dip  north  toAvard 
the  Avest  (as  in  the  Bangor  Southern)  and  south  tOAvard  the  east  (as 
in  the  American  Bangor  quarry)  ; compare  Avith  p.  229. 

History  and  developme-nt. — Quarrying  Avas  begun  here  in  1875  by 
General  Prank  Beeder  of  Ea.ston.  After  repeated  changes  in  the 
OAvnershi])  of  the  ]moperty,  ]\Ir.  E.  J.  Long  of  Bangor  and  General 
Beeder  sold  out  to  Mr.  B.  S.  BroAvn  of  Easton.  In  1914  the  company 
headed  l)y  i\Ir.  BroAvn  failed,  apparently  not  because  of  the  lack  of 
good  slate,  but  because  of  the  reduced  market  incidental  to  the  be- 
ginning of  the  World  AVar. 

An  old  factory,  dismantled,  stands  ea.st  of  the  opening.  Other 
buildings  are  a boiler  house,  hoist  houses  for  the  5 hoists  on  the  north- 
east side,  12  roofing  shanties  on  the  northea.st,  and  11  on  the  southeast 
side  of  the  hole.  The  quarry  Avas  crossed  by  4 cables  operated  from  the 
southeast  and  5 from  the  northeast  side.  Tavo  “motion  shanties”  over- 
hang the  opening. 
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The  production  included  roofing  slate,  blackboards  and  strnctural 
material. 

51.  BANGOR  SOUTHERN  QUARRY. 

Location  and  dimensions. — This  opening-  is  N.  30°  W.  about  1.5  miles 
from  Ackernianville.  It  is  west  of  the  highway  from  Ackermanville 
to  Pen  Argyl.  It  measures  300  feet  by  150  feet,  the  larger  dimension 
extending  northwestward.  Approximately  20  feet  of  walls  are  ex- 
posed to  water  level,  of  Avhich  15  feet  at  most  are  glacial  overburden. 
A dump  and  some  old  machinery  lie  south  of  the  o])ening. 

Geology. — The  glacial  overburden  consists  of  numerous  boulders, 
many  of  red  Catskill  sandstone,  and  generally  faceted  or  subangular. 
These  are  set  in  a matrix  of  sandy  clay. 

Beneath  the  overburden  the  slate  is  seen  striking  N.  57°  E. ; at 
the  northern  end  of  the  opening  the  dip  is  31°  XW.,  but  decreases 
soutliAvard  to  20°.  The  cleavage  strikes  X".  65°  E.,  di])s  20°  8E.  Grain 
trends  X.  43°  W.,  and  dips  vertically.  X’^o  jointing  is  seen. 

It  is  said  that  at  a depth  of  180  feet  the  beds  reverse  so  as  to  dip 
southward  below  the  water  level.  This  might  be  expected  if  the  dip  at 
the  American  Bangor  is  considered.  The  beds  worked  were  mainly 
in  the  Old  Bangor  “run.” 

History  and  development. — This  quarry  Avas  opened  in  1890  by  a 
company  consisting  of  E.  J.  Johnson  and  E.  W.  Duncan.  It  Avas  shut 
doAvn  again  in  1895.  In  1900  operations  AA'ere  resumed  by  James 
Masters,  and  shortly  after  the  property  Avas  sold  to  the  American  Slate 
Company.  In  1904-5  slate  Avas  removed  under  a lease  from  the  xVmer- 
ican  Slate  Comimny.  Then  quarrying  aaus  abandoned  and  neA'er  re- 
sumed. 

The  equipment  remaining  consists  of  tAA’o  pulleys,  cables,  and  masts. 

52.  REICHARD  (QUARRY. 

Location  and  diniensions. — About  400  feet  X.  57°  E.  from  Quarry 
XM.  53  is  a small  pit  measuring  70  feet  long  by  30  feet  Avide,  the 
greater  length  being  nortliAvestAvard.  The  depth  is  18  feet. 

Geology. — Beneath  an  OA’erburden  of  Aveathered  slate,  thin  beds  of 
sandy  slate  are  exposed  striking  X'.  46°  E.  and  dipping  43°  SE.  The 
cleavage  strikes  X'.  70-80°  E.,  and  dips  20°  S. 

History  and  development. — This  and  the  pit  to  the  sontliAA-est  Avere 
opened  as  prospects  by  Dr.  Reichard  of  Bangor  and  i\Ir.  Speer  of 
Delabole. 

53.  REICHARD  QUARRY. 

luocation  and  dimensions. — This  opening  lies  X.  60°  W.,  about  1,200 
feet  from  the  Bangor  Southern,  on  the  north  slo])e  of  a small  hill. 
It  is  about  100  feet  long,  X.  45°  W.,  by  40  feet  Avide,  and  roughly 
rectangular ; the  depth  is  30  feet  to  the  top  of  the  rubbish  Avhich  noAv 
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partly  fills  the  hole,  but  may  once  have  been  greater.  A small  dump 
is  built  up  near  the  quarry. 

Geology. — In  the  wall  the  beds  are  seen  to  turn,  dipping  68°  N.  at 
the  south  end  and  surface,  whereas  the  strike  and  dip  in  the  north 
end  at  the  surface  are  N.  50°  E.,  68°  S.  Below  the  surface  the  dip 
is  everywhere  south.  Near  the  south  end,  therefore,  an  anticlinal 
axial  plane,  dipping  southward,  emerges. 

The  strata  could  not  be  definitely  correlated  with  those  of  other 
quarries,  but  are  presumably  in  the  upper  part  of  the  Bangor  beds. 

Cleavage  strikes  about  N.  45°  E.,  dips  11°  S.  Grain  trends  N.  47°  E. 

History  and  development. — This  and  another  small  hole  described 
above  (Number  52,  Quarry  Location  IMap)  were  opened  by  a Dr. 
Reichard  of  Bangor  and  Mr.  Milton  Speer  of  Delabole. 

Nearby  openings. — Several  smaller  openings  are  seen  on  the  west 
slo]>e  of  the  hill  on  the  north  side  of  which  this  quarry  lies.  None  are 
more  than  5 feet  deep  and  none  show  bedding. 

54.  DELABOLE  QUARRY. 

Location  and  dimensions. — The  old  Delabole  quarry  is  located  about 
1,200  feet  N.  25°  E.  from  the  station  of  Delabole  on  the  Bangor  and 
Portland  (Delaware,  Lackawanna  & Western)  Railroad.  It  is  a rec- 
tangular opening,  250  feet  long  and  100  feet  wide,  the  greatest  length 
extending  northwestward.  The  slate  and  overburden  exposed  above 
the  Avater  kuTl  are  about  20  feet,  but  the  depth  Avas  probably  at  least 
80  feet  greater.  The  dump  lies  to  the  Avest. 

Geology. — The  overburden  shoAVs  8 feet  of  peculiarly  brick-red 
glacial  clay,  set  Avith  subangular  and  faceted  boulders,  none  of  Avhich 
giA’e  eAudence  of  much  Avater  Avear ; the  red  color  appears  to  be  due 
to  the  presence  of  much  ground-up  red  Catskill  sandstone. 

Beneath  this  OATrburden  are  about  5 feet  of  decayed  slate.  The 
rest  of  the  depth  to  A\mter  level  shoAVs  beds  striking  N.  50°  E.,  and 
dipping  62°  N.  at  the  north  end  of  the  opening,  vertically  at  the 
south.  The  cleavage  strikes  approximately  parallel  Avith  the  beds, 
di])s  12°  S.  It  is  believed  that  these  bedding-cleavage  relationships 
suggest  that  the  quarry  is  south  of  a soutliAvard  dipping  synclinal 
axial  plane,  but  it  is  at  least  possible  that  it  is  located  just  above  a 
nortliAvard  recumbent  anticline  instead,  the  great  thickening  of  the 
beds  accounting  for  the  ATrtical  dip  to  the  south.  The  beds  are  still 
vertical  at  the  greatest  depth  Avorked. 

The  strata  exposed  are  not  very  thick.  No  single  bed  exceeds  two 
feet.  Some  blocks  on  the  dump  shoAV  cleaATge  faces  Tat  feet  “long.” 
The  beds  opened  Avere  in  the  Grand  Central  aiid  Old  Bangor  “runs.” 
The  grain  trends  N.  47°  AV. 

History  and  development. — This  quarry  Avas  opened  in  1900  by  Mr. 
William  Blake  of  Bangor,  capitalized  by  a company  consisting  of  E.  J. 
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Jolmson,  James  blasters,  and  ]\Ir.  Blake,  and  later  iiieludiny  a IMr. 
Turner  of  Philadelphia. 

In  1903-4  the  property  Avas  pnrehased  by  the  American  Slate  ('om- 
pany.  Later  it  Avas  leased  by  a company  and  AA'orked  nndei-  the 
direction  of  IMr.  Cotton  Amy,  avIio  exposed  the  Gray  bed  of  the 
Bangor  “run.’’  In  1910  Avork  Avas  stopped  and  has  not  since  been 
resumed. 

An  old  boiler  house  is  situated  300  feet  aAA'ay,  east  of  the  road. 

Tlie  production  is  said  to  haye  been  mainly  roofing-  slate. 

r>r>.  QUARRY. 

Location  and  dimensions. — About  300  feet  north  of  AA-here  a road 
leads  AA-est  from  the  Delabole-Pen  Argyl  higliAA-ay  that  runs  up  the 
yalley  of  Waltz  Creek,  and  about  3,000  feet  south  of  the  Jackson 
Bangor  No.  5 (Ahdley)  quarry  is  a cut  just  east  of  the  higlnvay. 
Tliis  measures  about  50  feet  square  and  is  40  feet  deep. 

Geology. — Judging  by  the  strike,  the  beds  hei'e  must  be  about  the 
same  as  in  the  Delabole  quarry  (see  p.  230).  They  A'ary  in  thick- 
ness up  to  2 feet  and  strike  X.  67°  E.,  dip  32°  X.  The  cleayage 
strikes  X.  35°  E.,  dips  12°  S. 

History  and  development. — Xothing  is  knoAvn  of  the  history  of  this 
opening.  It  cannot  liaA'e  been  more  than  a prospect. 

50.  QUARRY. 

Location  and  dimensions. — A small  pit  lies  on  the  southea.st  flank 
of  a round  hill,  2,000  feet  X.  65°  W.,  from  the  Delabole  quarry  and 
1,500  feet  due  Acest  of  the  mill  at  Delabole.  The  opening  is  about 
100  feet  long  and  20  feet  AA’ide,  and  the  slate  taken  from  it  is  piled 
on  the  hillside  nearby.  The  cut  is  A’ery  slialloAV. 

On  the  same  hill,  to  the  northea.stAvard  of  this  opening,  there  are 
seA’cral  smaller  prospects. 

Geology. — Beneath  a shalloAV  bui-den  of  decayed  slate,  the  beds 
strike  X.  47°  E.,  and  dip  14°  X.  The  cleayage  strikes  X.  47°  E.,  dips 
10-15°  S.  Grain  trends  X.  47°  W.,  and  is  A'ertical. 

The  beds  are  A’ery  sandy,  too  much  so  to  permit  the  deyelopment 
of  good  cleaA’age.  They  efferA’esce  slightly  AAuth  acid. 

History  and  development. — Xothing  is  knoAvn  of  the  history  of  this 
and  the  adjacent  openings. 

57.  NAGEL  QUARRY. 

This  is  a small  opening  about  400  feet  due  east  of  the  south  Elder 
quarry.  Glacial  material,  AA’eathered  slate,  and  AAater  are  seen  in  a 
small  prospect,  AAdiich  is  only  15  feet  dee)).  Xothing  is  knoAvn  of 
the  history  of  the  opening. 
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Point  Phillip  Group 

su:m:siary. 

Five  soft  slate  quarries  are  located  within  a radius  of  three  miles 
of  the  town  of  Point  Phillip  on  the  Delaware,  Lackawanna  & AVestern 
Railroad. 

All  the  quarries  are  abandoned  and  in  none  could  measurements 
of  the  successive  beds  be  made  in  sufficient  detail  to  establish  their 
exact  correlation.  A study  of  the  areal  geology  of  the  region,  how- 
ever, shows  that  all  these  openings,  with  the  jiossible  exception  of  the 
St.  Nicholas  and  Beers  quarries,  lie  so  close  to  the  north  edge  of  the 
outcropping  middle,  sandy  memlier  of  the  Martinsburg  that  they  are 
thought  to  have  been  opened  in  the  Bangor,  rather  than  in  the  Pen 
Argyl  beds.  This  conclusion  is  favored  by  the  sandy  character  of  the 
slate.  In  all  the  quarries  studied  the  beds  dip  gently  and  the  cleavage 
more  steeply  south.  The  structures  in  all  demonstrable  cases  thus 
appear  to  be  the  south  limbs  of  (northward  overturned?)  anticlines, 
having  southward  dipping  axial  planes.  No  faults  were  seen,  and  a 
detailed  study  of  the  jointing  Avas  not  made. 

The  products  probably  included  only  roofing  slate,  flagging,  and 
fence  posts ; although  the  openings  are  in  the  soft  belt,  they  are  too 
small  to  have  supported  the  extensive  operations  that  justify  the 
erection  of  a mill. 

1.  2.  tYEST  END  QUARRIES. 

Tavo  quarries,  about  200  feet  apart,  are  situated  2000  feet  N.  45°  E. 
of  the  Sehall  School  and  about  a mile  above  NeAvtoAvn  up  the  valley  of 
the  AATSt  fork  of  the  Bushkill.  Both  openings  are  approximately  100 
feet  square  and  both  are  full  of  AA’ater,  so  that  no  rock  can  be  seen  in 
place. 

The  slate  found  on  the  dumps  north  of  these  openings  is  someAvhat 
calcareous  and  effervesces  AAuth  acid. 

These  tAvo  quarries  are  saitl  by  hlr.  Charles  Beers  of  NeAAdoAvn  fo 
have  been  Avorked  last  about  1900  by  a Mr.  Laub. 

3.  BEERS  QUARRY. 

An  old  quariy  lies  1.1  miles  due  north  of  NeAvtoAAui  on  the  AATSt  side 
of  the  road  leading  soutliAvard  from  Katellen  to  NeAvtoAAm.  It  is  120 
by  40  feet  in  ground  plan.  The  bedding  could  not  be  clearly  dis- 
tingnished  but  is  described  by  Sanders”®  as  having  a strike  of  N.50°E., 
and  a dip  of  10°S. ; the  cleaAmge  strikes  N.87°E.,  dips  62°S.  The 
slate  lying  on  the  dump  to  the  south  looks  quite  fresh  and  has  the 
relatiATly  thick  beds  and  non-siliceous  “ribbons”  of  soft  slate. 

The  property  belongs  to  Mr.  Beers  of  NewtoAvn.  Operations  Avere 


S.Tiiders,  E.  H.,  Geology  of  Lehigh  and  Northampton  Counties:  I’ennsvivania  Seeond  Survey, 
D 3,  voi.  I.  p.  103,  1883. 
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begun  here  by  a Mr.  Rolf  at  least  as  early  as  1890.  Slate  Avas  taken 
out  later  by  Mr.  Robertson  of  Pen  Argyl.  Tlie  quarry  lias  clearly 
been  abandoned  for  a long  time. 

4.  ST.  NICHOLAS  QUARRY. 

About  500  feet  southeast  of  the  Peers  quarry,  on  the  east  side  of  the 
Ivatellen-NeAA'toAA'n  road  and  in  the  A’alley  of  Pushkill  Creek,  is  another 
small  opening,  of  about  the  size  of  the  Peers  quarry.  The  quarry  Avails 
are  not  visible,  the  hole  being  tilled  Avith  Avater.  The  opening  must  be 
shalloAAq  to  .judge  by  the  size  of  the  dump.  The  strike  and  dip  are 
given  by  Sanders  as  X.50°E.,  15°S.  Presumably  the  history  of  this 
operation  is  much  like  that  of  the  Peers  quarry.  Typical  soft  slate 
is  on  the  dump  to  the  south. 

The  beds  in  Avhich  these  openings  Avere  made  are  tentath-ely  as- 
signed to  the  Pangor  grou])  because  of  their  nearness  to  the  to]i  of  the 
middle,  sandy  member  of  the  Martinsburg  formation.  This  correlation 
■cannot  be  established  beyond  question,  liOAveA'er. 

5.  YOUNG  QUARRY. 

This  old  opening  is  on  the  lieadAvaters  of  Ilokendanqua  Creek,  1500 
feet  Avest  of  Stahley’s  iMill  and  one  mile  due  Avest  of  Point  Phillip. 
The  dump  and  hole  are  hidden  by  timber  from  the  road  immediately 
to  the  south.  The  quarry  measures  100  feet  N.70°E.,  by  120  feet  N.20° 
W.,  and  its  opposite  sides  are  parallel.  The  estimated  de]dh  is  60 
feet.  A large  AA'a.ste  pile  is  northea.st  of  the  opening  on  the  hillside. 
Water  conceals  the  bed  rock  except  along  the  nortlnvest  side. 

The  exiAosure  sIioavs  scATral  moderately  thick  beds,  Avhich,  to  judge 
by  their  sandy  texture  and  their  nearness  areally  to  the  belt  of  out- 
crop of  the  middle,  sandy  Martinsburg  to  the  south,  probably  repre- 
sent the  Pangor  beds.  The  strike  is  N.40°W.,  the  dip  20°S.  The 
cleaA'age  strikes  X.85°W.,  dips  37°S.  These  relations  imply  that  the 
quarry  is  located  near,  but  probably  slightly  south  of  the  axis  of  a 
AATStAAmrd  pitching  anticline. 

Quarrying  here  is  thought  by  neighbors  to  have  been  begun  by 
Charles  Young.  After  unsuccessful  operations,  the  property  Avas  sold 
by  George  Young,  formerly  of  Youngsville,  to  Mr.  Charles  Stahley,  the 
■OAvner  of  the  mill  east  of  the  quarry.  Production  ceased  more  than  15 
A’ears  ago.  Roofing  .slate  alone  Avas  made. 

Slatefleld  Group 
SUAIAIARY. 

The  quarries  of  the  Slatefleld  group  are  all  Avithin  a mile  south  of 
Slatefleld  on  the  Lehigh  & Xcav  England  Railroad.  This  station  or  the 
loAvn  of  DanielsA’ille,  about  tAvo  miles  nortliAve.st,  Avould  be  the  logical 
shipping  points. 
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These  quarries  are  all  in  the  soft  belt.  Actual  correlation  with  the 
standard  section  cannot  be  made  with  certainty,  but  by  aligning  these 
openings  with  the  Loeb  and  the  Lehigh  quarries  south  of  Danielsville, 
in  Avhich  the  Albion  “rnn”  occurs,  it  is  thought  that  the  southern 
quarries  of  the  Slatefield  group  can  Avith  fair  assurance  be  regarded 
as  having  been  opened  in  the  Bangor  beds,  Avhile  the  Seip  qnarry  is  in 
the  Pen  Argyl  beds,  most  probably  in  the  Acme  or  Phoenix  “run.” 
This  interpretation  is  strengthened  by  the  sandy  character  of  the 
beds  in  the  more  southerly  quarries  of  the  group  and  by  their  prox- 
imity to  the  northern  border  of  the  outcrop  of  the  sandy  member  of 
the  Martinsburg. 

The  beds  are  variously  folded.  A striking  characteristic  is  the  uni- 
formly steep  cleavage  dip  and  hence  also  the  steep  dip  of  the  axial 
planes  of  the  folds;  cleavage  planes  are  recorded  as  dipping  45-63°S. 
Jointing  Avas  not  studied.  No  faults  Avere  seen. 

None  of  these  quarries  are  noAV  operated,  and  there  is  no  probability 
of  the  early  resumption  of  Avork.  None  save  the  Labar  quarry  seems  to 
have  furnished  mnch  slate  in  recent  years. 

1.  SEIP  QUARRY. 

This  opening  is  1,500  feet  S.15°E.  from  the  railroad  stop  of  Slate- 
field  and  1B>  miles  due  Avest  of  the  St.  Joseph  School.  It  is  situated 
south  of  a northeastAvard-trending  road ; the  large  dump  lies  on  the 
opposite  side  of  the  road.  The  opening  is  125  by  60  feet  in  areal 
dimensions  and  cannot  have  been  over  60  feet  deep,  to  judge  by  the 
size  of  the  dump.  No  slate  is  seen  above  the  Avater  Avith  AAOiieh  the 
(piarry  is  tilled. 

A stone  building  housing  an  old  boiler  is  situatel  about  200  feet 
north  of  the  opening. 

The  qnarry  Avas  last  operated  by  Mr.  Henry  Seip  of  DanielsAulle. 
It  Avas  i)robably  shut  doAvn  about  ten  years  ago. 

2.  LABAR  QUARRY. 

Description. — This  quarry  is  3000  feet  due  south  of  the  railroad  at 
Slatefield.  it  is  about  255  feet  long  nortliAvestAvard  and  165  feet  Avide. 
Water  fills  the  hole,  bnt  slate  is  Avell  shoAvn  aboA'e  it  in  the  Avest 
corner.  Here  the  beds  .strike  N.67°E.,  dip  70°S.,  Avhereas  the  cleav^age 
strikes  N.60°E.,  and  dips  55°S. ; the  grain  appears  to  strike  about 
N.20°AV.  and  is  vertical.  Above  the  slate  is  an  overburden  consisting 
of  2 feet  of  slate  chi])s  and  clay. 

The  slate  seen  in  the  Avest  corner  consists  of  alternating  sandy  beds 
3 inches  thick,  Avith  poor  cleaAmge,  and  thicker  shaly  beds.  Some  good 
slate  is  seen  on  the  large  dump  to  the  south.  Tavo  big  beds  yielding 
good  slate  are  said  to  have  been  Avorked  here. 

History  and  development. — The  quarry  AA'as  operated  about  20  year’s 
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ago  by  William  Loeb  of  Peji  Argyl.  It  was  later  sold  for  taxes  to  Oliver 
Labar  of  Bangor,  wlio  operated  it  12  or  13  years  ago. 

The  equipment  still  standing  consists  of  two  hoist  houses,  two  masts, 
a boiler  house,  a small  factory  with  two  planei’S,  three  saws,  and  one 
rubbing  bed.  The  manner  of  setting  the  cables,  in  the  absence  of  a 
sufficiently  long  foundation  on  which  to  mount  the  masts,  is  of  interest. 
The  cables  cross  the  hole  in  a northwest  direction;  on  the  dump  they 
are  turned  sharply  at  right  angles  to  their  course,  being  passed  over 
pulleys ; they  thus  extend  southwestward  before  entering  the  hoist 
houses,  which  open  to  the  northeast. 

3, — 1.  QUARRIES. 

These  two  .small  openings  are  on  either  side  of  the  road,  half  a mile 
S.20°E.,  from  the  railroad  at  Slatefield.  The  east  hole  is  10  feet  east 
of  the  road,  and  is  30  feet  square.  The  depth  does  not  exceed  30  feet. 
In  the  small  exposure  of  slate  on  the  walls,  the  beds  strike  X.70°E., 
dip  53°S. ; the  cleavage,  X.65°E.,  dips  48°S.  These  relations  .suggest 
the  north  limb  of  a northward  overturned  anticline. 

The  small  opening  100  feet  north  of  the  other  and  10  feet  west  of 
the  road  is  also  filled  with  water.  It  measures  25  by  50  feet.  Xo  slate 
is  seen  in  place. 

3.  LANGEXBACH  XO.  1 QUARRY. 

This  quarry  is  situated  approximately  1,000  feet  north  of  the 
Danielsville-Youngsville  road,  and  800  feet  north  of  the  Langenbach 
Xo.  3 opening.  It  is  100  by  130  feet,  a circular  hole.  It  must  have 
been  at  least  100  feet  deep,  to  judge  by  the  size  of  the  dump  to  the  east. 
It  is  now  almost  completely  filled  with  water.  Some  slate  shows  on  the 
west  side  just  below  the  water,  and  about  20  feet  of  slate  are  to  be 
seen  on  the  east ; the  latter  exposure  shows  beds  Avhieh,  as  estimated 
from  across  the  quarry,  strike  X.80°E.,  and  dip  13°S. ; the  cleavage 
is  thought  to  strike  similarly  and  to  dip  63°  S.  The  grain  plane 
could  not  be  determined. 

The  slate  on  the  duni]-)  shows  a tendency  to  break  in  well-defined 
slabs  parallel  to  the  beds,  is  rather  sandy,  and  exhibits  catspaws.  Its 
character  sugge.st  the  Bangor,  rather  than  the  Pen  xlrgyl  beds,  an 
impression  supported  by  its  nearness  to  the  sandy  middle  Martins- 
bnrg  to  the  south. 

About  300  feet  north  of  this  opening,  and  largely  concealed  by  its 
dump,  is  a small  cut  showing  slate  strata,  among  which  is  a bed  3V2 
feet  thick.  Here  the  bedding  strikes  X.78°AV.,  dips  15°S.,  whereas 
the  cleavage  .strikes  X.60°E.,  dips  I5°S.  The  grain  trends  X.41°AV., 
dips  80° S. 

G.  LANGEXBACH  XO.  2 QUARRY. 

This  is  a small  hole  about  100  feet  west  of  the  road  and  400  feet 
south  of  the  Langenbach  Xo.  1 opening.  It  is  largely  filled  by  a slump 
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from  the  east  bank.  Slate,  some  20  feet  in  depth,  is  exposed  along 
a side  30  feet  long.  The  beds  strike  irregnlarly,  due  to  slumping;  the 
dip  seems  to  be  generally  south,  from  5 to  25°,  but  the  observations 
are  poor.  The  cleavage  strikes  N.80°E.,  dips  70°S.  One  big  bed  4 
feet  thick  is  seen  at  the  bottom  of  the  cut. 

7.  LANGENRACH  NO.  3 QUARRY. 

Tliis  opening  lies  about  three-quarters  of  a mile  south  of  Slatefield, 
and  about  40  feet  north  of  the  road  to  Youngsville.  It  is  70  by  180 
feet  in  size  and  opposite  sides  are  parallel.  The  depth  is  shallow,  to 
judge  by  the  amount  of  material  removed,  — not  over  40  feet.  No  slate 
shows  above  the  surface  of  the  Avater  which  fills  the  opening.  The 
chips  on  the  dump  to  the  south  have  a good  ring,  sho\A^  relatNely  little 
imsting,  and  bear  no  pyrite  or  quartz. 

This  and  the  tAvo  other  Langenbaeh  quarries  Avere  o]Aerated  about 
35  years  ago  by  the  Langenbaeh  Brothers.  The  slate  Avas  shipped 
through  DanielsAulle. 

S.  AYILLIAMS  NO.  1 QUARRY. 

This  opening  is  located  on  the  Williams  estate,  about  three-quarters 
of  a mile  Avest  of  Youngsville,  in  a field,  500  feet  north  of  the  road  to 
DanielsAulle.  It  is  50  by  90  feet  in  size,  the  opposite  sides  being 
roughly  parallel.  There  is  Avater  in  the  bottom,  but  some  15  feet  of 
slate  show  in  the  walls.  Viewed  from  above,  the  beds  seem  to  strike 
N.70°W.,  and  to  dip  10-20°S.  One  big  bed  AAms  quarried  here,  accord- 
ing to  Mr.  James  M.  Marsh,  Avho  Avorked  in  the  quarry. 

Operations  Avere  begun  by  Tom  Williams  of  Slatington.  In  1892 
the  quarry  Avas  shut  doAvn. 

9.— 10.  IVILLIAMS  NO.  2 QUARRY  AND  SHAFT. 

Taa’o  small,  shalloAA'  pits,  about  10  feet  apart,  are  located  about  300 
feet  east  of  the  opening  last  described.  Of  these  the  east  one  is  40 
feet  square,  the  AATst  approximately  thel  same  size  and  probably 
deeper.  Both  are  tilled  AAutli  Avater.  The  AA'esterly  opening  sIioaa^s  in  its 
soutliAA’est  Avail  some  slate,  of  which  the  strike  and  dip  of  the  beds  is 
N.80°W.,  23°S.;  that  of  the  cleavage  is  N.72°E.,  62°S. 

Approximately  70  feet  soutliAvest  of  these  openings  is  a shaft.  This 
is  said  to  have  been  Avorked  to  folloAv  the  big  bed  opened  in  the 
Williams  No.  1 quarry.  It  is  40  feet  deep  and  300  feet  S.80°E.  from 
the  Williams  No.  1 opening. 

HARD  SLATE  QUARRIES 
Portland  Grouii 

SUMMARY. 

The  four  quarries  of  the  Portland  group  are  placed  together  under 
that  heading  because  the  center  of  their  industrial  operations  Avould 
normally  be  the  toAvn  of  Portland. 
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Three  of  the  quarries  lie  soutli  of  tlie  limestone  valley  that  extends 
vest  from  Portland;  the  fourth  is  north  of  tliis  limestone  area.  All 
the  opening’s  are  in  the  hard  helt  and  have  produced  typical  hard  slate, 
closely  banded,  with  many  thin  beds  of  highly  siliceous  slate,  and  vith 
carbonaceous  layers  less  conspicuous  than  in  the  soft  belt.  As  the  de- 
tailed sequence  of  the  beds  in  the  hard  belt  has  not  been  Avorked  out, 
the  exact  stratigraphic  location  of  these  quarries  is  in  doubt.  The 
Mount  Bethel  quarry  is  probably  in  strata  considerably  higher  than 
those  of  the  others. 

As  Avill  be  recalled,  the  smaller  folding  in  the  hard  belt  is  generally 
intense  and  these  quarries  show  no  clear  relation  to  major  folds.  It  is 
a striking  fact,  hoAvever,  that  the  cleavage  in  all  three  of  the  openings 
south  of  the  limestone  belt  has  a steep  dip,  from  30  to  55° S..  which  sug- 
gests that  the  fold  axes  are  here  more  nearly  upright  than  ordinarily. 
No  faulting  is  seen  in  any  of  the  openings.  No  generalizations  can  be 
made  in  regard  to  joint  systems. 

The  products  of  these  quarries  AA'ere  roofing  slate,  grave  vaults, 
slate  flagging,  and  fence  posts.  None  of  the  product  Avas  milled. 

Of  the  four  pits  described  none  are  uoav  operating,  nor  is  there  a 
probability  of  the  early  resumption  of  quarry  Avork. 

1.  XORTHAMPTOX  QPAARKY. 

This  is  a small  quarry  in  the  hard  belt  situated  about  a mile  north 
of  Portland  and  approximately  800  feet  Avest  of  the  Portland-Strouds- 
burg  higliAvay  on  the  slope  of  the  hill  forming  the  Avest  bank  of  the 
DelaAA’are  RB’er  Valley.  It  measures  35  by  15  feet,  is  roughly  rectangu- 
lar in  outline,  and  shoAvs  20  feet  of  slate  in  the  AA'alls.  The  bottom  is 
filled  Avith  Avater.  A small  heap  of  Avaste  slate  has  accumulated  east  of 
the  opening. 

The  slate  has  the  typical  thin  bedding  and  siliceous  “ril)bons”  of  the 
hard  belt.  In  the  bottom  of  the  opening  the  strata  strike  N.80°E.,  dip 
42°N. ; the  cleaAnge  planes  strike  due  east  and  dip  20° S.  Grain  trends 
N.42°W.,  and  dips  80°SAV.  In  the  Avail  of  the  quarry  the  beds  turn 
OA’er  so  as  to  lie  horizontal  at  the  surface. 

An  old  mast  and  a windlass,  Avith  block  and  tackle,  still  lie  on  the 
•dump.  The  quarry  is  not  described  by  Sanders”'  so  Avas  probably 
opened  since  1878.  It  is  of  great  importance  in  interpreting  the  struc- 
ture of  the  region,  because  it  clearly  demonstrates  the  existence  betAveen 
Portland  and  Slateford  of  a strip  of  the  loAvest  member  of  the 
Martinsburg  formation. 

2.  :MT.  P.ETHEL  QUARRY. 

This  opening  is  located  in  the  field  back  of  the  5Iount  Bethel  Church. 
It  measures  90  by  75  feet  and  is  rectangular  in  outline.  As  the  quarry 
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is  filled  with  Avater,  the  depth  cannot  be  determined,  but  was  estimated 
to  be  60  feet  by  l\Ir.  Hartzell  of  IMonnt  Bethel.  The  dump  rises  to  the 
northwest  of  the  opening. 

The  slate  is  typical  of  the  hard  belt,  closely  “ribboned,”  and  tending 
to  “rust”  on  exposure.  The  bedding  strikes  N.65°E.,  dips  12°S. ; the 
cleavage  strikes  parallel  with  the  beds,  and  di])S  53°S., — an  exception- 
ally high  dip,  perhaps  induced  by  the  nearby  major  faulting  between 
this  opening  and  the  limestone  to  the  north.  The  grain  ])lane  is  not 
clear,  but  seems  to  trend  N.30°W. 

The  quarry  has  not  been  operated  in  many  years. 

3.  PHILLIPS  QUARKY. 

This  is  the  eastern  of  tAvo  quarries  Avhich,  about  600  feet  apart,  are 
situated  on  adjacent  farms  about  four-fifths  of  a mile  due  east  of 
Mount  Bethel.  The  Phillips  quarry  is  130  by  65  feet  in  size  and  rec- 
langular;  it  is  25  feet  deep  to  the  IcatI  of  the  AA'ater  standing  in  the 
bottom,  and  probably  extends  15  feet  deeper. 

The  slate  seen  is  typical  of  the  hard  belt,  closely  ribboned  and  with 
rather  papery  Aveathering,  but  apparently  subject  to  but  little  rusting. 
At  the  surface  the  beds  near  the  Avest  corner  of  the  opening  strike 
X.65°E.,  and  dip  35°S.,  but  flatten  loAver  doAvn,  so  as  to  dip  only  5°. 
Farther  south  the  dip  is  steeply  nortliAvestAvard.  The  quarry  is  thus 
in  the  trough  of  a small  asymmetrical  syncline,  the  south  limb  of  AA'hich 
is  the  steeper.  The  cleaA'age  (and  the  axis  of  the  fold)  strikes  N.42°E. 
and  dips  55°S.,  an  unusually  steep  dip,  such  as  Avas  also  seen  in  the 
Mount  Bethel  quarry.  The  grain  strikes  X.38°AY.  Prominent  joints 
strike  X.80-90°W.,  and  dip  70-90°E.  A le.ss  conspicuous  system  strikes 
X.20°W.,  dips  50-60°S. 

This  quarry  is  the  property  of  the  farm  OA\ners,  Messrs.  II.  and  AY. 
Philli])s,  AA’ho  Hat  on  the  land.  It  has  not  been  Avorked  since  1910  at 
the  latest. 

Xo  finished  roofing  .slate  is  left  on  the  dump.  A small  engine  house 
stands  60  feet  south  of  the  opening. 

4.  MILLER  QUARRY. 

This  opening  is  almost  triangular  in  form,  its  longest  side  being 
that  to  the  soutliAvest,  AAdiich  is  190  feet  long.  The  greatest  depth  of 
the  AA’alls  is  20  feet  to  Avater  leA'el,  but,  judging  by  the  size  of  the  dump, 
the  quarry  is  at  least  40  feet  deeper.  A good-sized  Avaste  pile,  shoAving 
closely  “ribboned”  roofing  .slate,  is  near  the  opening. 

Tlie  slate  sIioavs  pa]>ery  Aveathering,  but  is  otherAvise  good.  The 
beds  in  the  nortliAve.st  corner  strike  X.10°AY.,  dip  35°S. ; cleaA'age 
strikes  X.63°E.,  dips  30°S. ; grain  trends  X.  40°AY.,  and  is  generally 
ATrtical.  The  structure  appears  to  be  the  axis  of  a Avestward  pitching 
anticline,  probably  complementary  to  the  syncline  seen  in  the  Phillips 
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quarry.  Two  sets  of  joints,  botli  striking'  X.(30°E.,  but  one  dippiiiji; 

the  other  65°S.,  sliow  clearly  on  the  southwest  wall  and  were 
probably  formed  simultaneously.  Their  jxeneral  jiarallelism  ^vitll  those 
observed  in  the  Phillips  quan-y  is  noteworthy. 

This  quarry  belongs  to  IMrs.  Stella  IMiller,  the  OAvner  of  the  farm. 
P>etAveen  15  and  20  years  ago  it  was  o])erated  under  lease  by  a com- 
pany with  offices  at  XeAvark,  X".  J.  X^o  machinery  remains. 

I'nolassified 

(irAItUY. 

About  six-tenths  of  a mile  due  Ave.st  of  the  road  intersection  at 
JohnstonA'ille  (Delaware  Water  Clap  sheet)  and  about  400  feet  north 
of  the  highway,  on  the  farm  of  l\Irs.  l\Iiller,  is  a hole  now  full  of 
boulders  and  showing  slate  only  in  fragments,  not  in  place.  The 
slate  chips  a]>pear  to  be  closely  riliboned,  like  hard  slate,  but  it  is 
thought  that  this  opening,  like  the  Batt  quarry  south  of  Wind  Gap, 
is  in  a lens  of  slate  beds  between  the  sandy  layers  of  the  middle 
IMartinsburg.  This  opening  is  said  to  haA'e  been  Avorked  foi’  slate  on 
a small  scale  some  time  ago. 

South  of  the  residence  of  Mrs.  (Miller  tAvo  openings  AA'ere  once  oper- 
ated, and  closely  ribboned  hard  belt  slate  AAas  obtained.  These  old 
excavations  are  noAv  filled  up. 

Flicksville  Group 

su:m.mauy. 

SeA'eral  quarries  are  dotted  oA'er  the  outcrop  of  the  hard  belt  in  the 
neighborhood  of  FactoryA'ille  and  Flicksville.  X'ormally  their  shi]>ping 
center  Avould  be  FlicksAulle,  on  the  (Martins  Creek  branch  of  the 
Bangor  & Portland  (DelaAvare,  LackaAAanna  & Western)  Bailroad. 

The  slate  in  these  quarries  is  in  the  hard  belt,  but  some  of  it  is 
characterized  by  especially  thick  beds,  suggesting  those  in  the  Batt 
quarry.  The  exact  stratigraphic  position  of  these  quarries  cannot  be 
determined. 

Several  of  the  openings  dis])lay  conii)lex  folding  of  the  beds  around 
axial  planes  that  are  almost  horizontal.  OtherAvise  no  general  statement 
as  to  the  folding  invoh'ed  can  be  made. 

The  cleavaige  sIioaa's  the  usual  strike,  generally  X.60-80°E.  A fairly 
generally  deA'eloped  system  of  joints  strikes  approximately  due  north, 
dips  A'ertically  or  nearly  so. 

The  quarries  of  this  group  have  not  been  operated  in  several  years 
and  many  of  them  Avere  opened  long  ago.  All  are  uoav  abandoneil. 
The  openings,  Avith  the  exception  of  the  True  Bhie  quarry,  are  not 
large  and  their  production  Avas  relath'ely  unimportant.  The  yield  Avas 
I’oofing  slate,  fence  posts,  flagging,  and  graA'e  vaults. 
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1.  PYSHER  QUARRY. 

This  small  and  long  abandoned  opening  is  one  mile  X.60°E.  from 
Flicksrille  in  a field  about  150  feet  east  of  tbe  road,  on  tbe  farm  of 
Ur.  Paul  Pvsber. 

Tbe  bole  is  triangular  in  outline  and  5 feet  deep  to  water  level,  but 
thought  bv  Ur.  Pvsber  to  be  22  feet  deep  to  tbe  actual  bottom.  Tbe 
beds  dip  gently  south : tbe  strike,  however,  could  not  be  obtained. 
Cleavage  strikes  X.4S“E..  dips  40 "^S.;  presumably  tbe  structure  here 
is  tbe  north  limb  of  an  anticline. 

Tbe  quarry  was  opened  40  years  ago  by  Ur.  J.  G.  Py.sber.  Opera- 
tions continued  for  3 years.  Eoofing  slate  was  produced  for  local  use 
only,  an  old-fashioned  horse  derrick  being  employed  in  quarrying. 

2.  DOSTER  QUARRY.- 

This  opening  is  on  tbe  Do.ster  estate,  about  600  feet  up  tbe  valley  of 
tbe  small  stream  that  crosses  tbe  highway  2000  feet  south  of  Flicks- 
ville.  Tbe  oitening  is  60  feet  in  diameter  and  roughly  circular ; a 
small  re-entrant  is  cut  into  tbe  northwest  waU.  Tbe  slate  is  exposed  for 
a depth  of  35  feet  on  tbe  southeast  wall,  but  tbe  surface  of  tbe  ground 
declines  in  a northwest  direction.  Tbe  total  maximum  depth  of  tbe 
opening  is  probably  60  feet  below  the  surface. 

Tbe  .slate  is  typical,  closely  " ribboned '''  bard  slate.  Tbe  beds  could 
not  be  sufficiently  well  distinguished  to  determine  tbe  dip  and  strike, 
but  it  is  believed  they  incline  about  12"S.  Tbe  cleavage  strikes  X.TO'^E., 
dips  26'S.  Grain  trends  X.53UV..  dips  70'^E.  Twelve  .joints  were 
counted,  seven  striking  about  due  north  dipping  vertically,  and  five 
striking  X.75'E..  also  vertical  in  dip. 

The  opening  was  made  by  H.  A.  Doster  of  Bethlehem.  Xo  slate  has 
been  quarried  for  over  30  years. 

On  tbe  dump  stands  an  old  boiler.  Otherwise  no  equipment  remains. 

3.  tVAGXER  QUARRY. 

This  pit  lies  seven-tenths  of  a mile  south  of  Flicksville,  70  feet  east 
of  the  main  Z\Iartins  Creek  highway.  It  is  a circular  bole  50  feet  in 
diameter,  with  a small  dump  west  of  tbe  road.  The  depth  is  probably 
50  feet  at  mo.st.  A little  slate  .shows  in  tbe  southeast  wall,  but  is  not 
accessible  for  measurement.  Tbe  quarm*  is  concealed  by  a heavy 
growth  of  vegetation. 

According  to  Ur.  Josiah  Ruch  of  Flicksville,  slate  was  first  quarried 
here  in  1675  or  earlier  by  John  0.  IVagner  of  Easton.  Operations 
ceased  after  3 years  of  sporadic  work.  There  was  no  commercial 
production. 

4.  TRUE  BLUE  QUARRY. 

Location  and  dimensions. — This  opening  lies  about  a quarter  of  a 
mile  X.35'E.  from  Xazareth  Junction,  and  we.st  of  the  I\Iartins  Creek 
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higlnvav.  The  quarry  is  185  feet  by  275  feet  in  size.  Tlie  nortliea.st 
part  of  the  quarry  is  greatly  eaveil,  and  the  soutlnvest  part  seems 
deepest,  but  is  filled  ivith  water  so  that  the  true  bottom  is  not  visible 
and  only  15  feet  of  slate  are  exposed  in  the  walls.  The  large  dump  to 
the  northeast  is  readily  seen  from  the  highway. 

Geology. — The  slate  is  typical,  closely  “ribboned”  hard  slate.  It  is 
partly  sandy  and  “rusts”  (turns  brown)  somewhat  upon  weathering. 
The  best  beds  are  on  the  southeast.  Pyrite  is  not  uncommon  and  upon 
weathering  yields  a film  of  iron  sulphate  on  the  re-entrants  of  the 
quarry  walls. 

At  the  surface  the  beds  strike  X.60-80°E.,  and  dip  35°S.  near  the 
north  end  of  the  northeast  wall,  but  can  be  seen  to  reverse  themselves 
to  a north  dip  about  10  feet  below  the  surface,  then  to  dip  south  again 
near  the  bottom  of  the  opening.  Cleavage  strikes  X.65-75°E.,  dips 
35-40°S.  In  places  quartz  stringers  itarallel  the  cleavage  planes;  this 
is  especially  noticeable  on  the  southeast  wall.  The  grain  strikes 
X.60°W.,  dips  70°XE.  In  the  northeast  wall  joints  trend  X.IO®^.. 
dip  75°SW.,  and  are  very  conspicuous. 

History. — This  quarry  was  opened  about  1865  by  a company  con- 
sisting of  Herman  A.  Doster  of  Bethlehem,  and  others.  The  property 
is  owned  by  the  heirs  of  the  Charles  Daniels  estate.  In  1900  the 
quarry  Avas  leased  to  Bice  and  Yale  of  Xcav  York  City.  In  1901  this 
lease  Avas  transferred  to  Mr.  J.  W.  Cook,  avIio  operated  for  the  Pitts- 
burg Slate  Company;  quarrying  continued  until  1910.  There  Avas 
considerable  testing  by  drill  in  the  bottom.  Then  the  quarry  Avas 
leased  by  Thomas  Danner  of  Easton,  aaIio,  after  operating  a few  years, 
finally  shut  it  doAvn. 

The  products  included  grave  vaults,  grave  covers,  and  roofing  slate. 

5.  FRIEDMAN  OFARRY. 

The  Friedman  quarry  is  on  the  hill  slope  west  of  Martins  Creek, 
nortliAvest  of  Xazareth  Junction,  northeast  of  FactorAwille,  and  1,500 
feet  due  Avest  of  the  True  Blue  quarry.  It  is  15  by  60  feet  in  size 
and  25  feet  deep  to  Avater  leA^el.  The  Avaste  from  the  hole  is  scattered 
nearby. 

The  slate  is  typical  hard  slate,  closely  ribboned  and  siliceous.  The 
beds  strike  X.78°E.,  dip  about  8°!8..  but  Avere  not  accessible  for  ac- 
curate measurement.  The  cleaA'age  dips  27°S.,  strikes  X.85°^Y.  Grain 
appears  to  trend  X.55°^Y.  A set  of  joints  strikes  X.55-60°E..  dips 
80-90°X. 

The  quarry  Avas  opened  on  a lease  about  the  year  1910  by  the 
Friedman  Brothers  of  Scranton,  but  no  slate  Avas  CA^er  sold.  The 
usual  machinery  Avas  used,  but  has  since  been  disposed  of. 
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G.  DELABOLE  QUARRY. 

A liard  belt  slate  quarry  lies  1.1  miles  due  Avest  of  the  crossroads 
at  FactorvAulle.  It  is  in  the  valley  of  a small  stream,  about  1000  feet 
from  the  Werkheiser-Faetory\ulle  road.  The  opening  measures  about 
150  by  80  feet,  and  is  roughly  rectangular,  but  Avith  a corner  pro- 
jecting into  the  rectangle  from  the  soutliAvest  side.  The  depth  is 
probably  75  feet,  to  judge  by  the  size  of  the  dump,  but  it  is  noAV 
so  completely  filled  Avith  Avater  that  no  bed  rock  shoAvs. 

The  slate  on  the  dump  suggests  someAvhat  that  seen  at  the  Batt 
quarry,  l^/o  miles  south  of  Wind  Gap.  The  largest  bed  is  2 feet 
thick,  and  there  is  much  close  “ribboning”  Avith  highly  siliceous 
lamina?;  some  carbonaceous  “ribbons”  up  to  2 inches  in  thickness 
occur. 

As  no  slate  outcrops,  the  actual  dip  and  strike  of  beds  could  not  be 
determined.  Sanders^^®  gives  the  bedding  as  striking  N.60°E.,  diju 
ping  80°S. ; the  cleaAuige  strikes  X.60°E.,  dips  25°S.  The  grain,  to 
judge  by  the  form  of  the  quarry,  is  N.38°W. 

This  opening  Avas  made  about  1875  by  Samuel  Rice.  Xo  machinery 
remains  on  the  dump. 

Belfa.st — Edeliiian  Group 
SUMAIARY. 

The  (juarries  of  this  group  are  Avithin  a radius  of  21/0  miles  of  the 
Aullage  of  Edelman  on  the  DelaAvare,  LackaAA'anna  & Western  Rail- 
road. All  are  most  convenient  to  this  railroad ; shi])ments  may  be 
made  from  RasleytoAvn,  Edelman,  AYerkheiser,  or  Belfast  Junction. 
Supplies  are  purchased  from  Belfast,  and  here  also  reside  the  quarry 
Avorkmen. 

All  these  quarries  except  the  Batt  quarry  are  in  the  hard  belt  and 
produce  typical  hard  slate.  Some,  like  Xumbers  18,  19,  and  20,  are 
loAv  doAvn  in  the  loAvest  member  of  the  Alartinsburg,  but  others  are 
operating  in  much  higher  beds.  The  Batt  quarry  is  thought  to  have 
operated  in  a lens  of  rock  similar  in  most  qualities  to  hard  slate, 
but  lying  betAveen  beds  of  middle  Alartinsburg  sandstone. 

The  structures  exposed  in  the  openings  are  too  A’ariable  to  permit 
any  generalizations.  The  strike  of  the  bedding  is  commonly  about 
X.80°E.,  AA’hereas  the  eleaA’-age  tends  to  have  a more  northerly  course 
and  di])s  gently  south. 

In  at  least  tAvo  quarries  there  are  illustrations  of  movement  along 
cleaATgc  ])lanes,  Avhat  might  be  called  “cleavage  plane  sli]).”  A 
moA'ement  of  this  type  is  described  from  the  Edelman  and  Belfast 
quarries,  and  is  thought  to  be  present  at  depth  in  the  X’orthampton 
quarry. 


Sanders,  R.  H.,  Op.  cit.,  p.  08. 
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PLATE  XXXI 


STRIKES  OF  JOINTS  IX  HARD  SLATE  QUARRIES 

A.  Belfast,  upper  levels.  B.  Belfast,  lower  level.  C.  Chapman  Standard. 
D.  Chapman,  upper  levels,  east  hole.  E.  Chapman,  hottom,  east  hole. 
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One  joint  system  is  especially  prominent  in  all  openings,  that 
striking  N.55-80°E.,  and  dipping  vertically.  The  following  table  illus- 
trates the  fact  mentioned. 


Generalized  strike  and  dip  of  prominent  joint  systems  in  several 
quarries  of  Belfast-Eclelman  group. 


Strike  Dip 

KIO^'E 50°S. 

N.  55-70  °E Vertical 

N.60-80°E Vertical 

N.55°E Vertical 

N.75°E.-80°W.  . . 70°S.-vertical 


Strike  Dip 

N.70°E 45°N. 

N.80°E 80°S. 

N.55-70°E Vertical 

N.60-80°E 65°S.-vertical 

N.80°W Vertical 


On  the  whole,  it  may  be  said  that  in  these  cpiarries  the  jointing  is 
very  regular. 

In  the  openings  of  this  group,  production,  being  entirely  hard  slate, 
is  confined  to  roofing  slate,  slabs,  fence  posts,  grave  vaults,  and,  rarely, 
table  tops ; of  these,  roofing  is  by  far  the  most  important. 

Only  two  cpiarries  ivere  active  in  1923-24,  the  main  Belfast  cpiarry 
and  the  Edelman  ciuarry.  A small  production  in  early  1923  camo 
from  the  Theo.  Whitesell  and  Northampton  quarries. 


1.  P>ATT  QUARRY. 

This  old  quarry  is  eight-tenths  of  a mile  N.60°W.,  of  the  church 
at  Rasleytcnvn.  It  is  60  by  100  feet  in  size,  the  opposite  sides  being 
parallel.  Being  filled  with  water,  it  exposes  only  a few  feet  of  slate. 
The  beds  strike  due  east,  and  are  closely  folded.  Cleavage  strikes 
N.70°AV.,  dips  10°S.  Grain  trends  N.47°AV.  AVell  developed  joint 
planes  strike  N.37°E.  and  dip  vertically;  one  such  forms  the  north- 
east side  of  the  opening. 

The  “ribbons”  in  this  slate  show  much  more  carbonaceous  matter 
than  is  usual  in  the  hard  belt,  yet  are  closely  spaced  and  generally 
half  an  inch  or  less  in  thickness.  The  slate  gives  the  appearance  of 
being  intermediate  in  character  between  the  slates  of  the  hard  and 
soft  belts.  It  is  thought  that  this  opening  is  in  a lens  of  slate  between 
the  sandy  beds  of  the  middle  member  of  the  Martinsburg  formation. 

The  quarry  is  on  the  old  Batt  farm.  It  was  operated  about  25 
years  ago.  No  machinery  remains  on  the  dump. 

2.  GARR  QUARRY. 

This  opening,  which  is  175  by  125  feet,  lies  on  the  ivest  bank  of 
Bushkill  Creek  and  east  of  the  Delaware,  Lackawanna  & Western 
Railroad,  about  three-quarters  of  a mile  south  of  Rasleytown.  The 
depth  is  not  known  and  the  hole  is  now  filled  with  ivater.  The  beds 
just  across  the  stream  here  strike  N.75°E.,  dip  75°S.,  while  the  cleav- 
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age  strikes  X.85°E.,  dips  3o°S.;  presumably  the  same  structure  is 
l)resent  in  the  quarry  here  deseril)ed. 

The  slate  on  the  dumj)  has  a good  ring,  and  shows  relatively  few 
ribbons  for  hard  slate;  quartz  veins  are  common. 

The  quarry  is  equipped  with  two  cables  and  masts.  It  was  last 
o])erated  in  1911?  under  the  management  of  Mr.  Garr  of  Bloomsluii’y, 
X.  J. 

2.  LEim  QFAKKY. 

About  1,000  feet  X.80°W.  from  Edelman  a quarry  measuring  90 
by  70  feet  is  located.  The  depth  is  25  feet  to  water  level,  but  may  be 
at  least  15  feet  deeper.  The  beds  strike  X.48°E.,  dij)  10°X. ; cleav- 
age strikes  X.82°W.,  dips  18°S.  A single  cable  still  stretches  across 
the  opening.  Some  roofing  slate  is  piled  on  the  dump. 

The  quarry  was  opened  in  1900  by  F.  II.  Lehr.  Operations  ceased 
in  1907. 

4.  EHELMAX  (JUAIiKY. 

Location  and  di)nensions. — This  quarry  is  about  300  feet  west  of  the 
railroad  and  500  feet  north  of  the  station  of  Edelman.  The  older  part 
measures  200  feet  X.48°E.,  by  225  feet  X.38°W. ; south  of  this,  striji- 
ping  has  developed  a working  level  measuring  85  feet  X.53°W.  by  125 
feet  X.45°E.  The  old  part  of  the  opening  is  filled  with  water,  but 
the  slate  rises  ivell  above  the  water  level  in  the  walls;  this  jiart  of  the 
quarry  was  150  feet  deep.  A large  dump  is  south  of  the  opening. 

Geology. — In  the  southeastern  side  the  glacial  overburden  is  about 
10  feet  thick,  consisting  of  boulders,  some  well  rounded,  set  in  a 
matrix  of  sandy  clay  that  bears  slate  flakes  and  occasional  lenses  of 
pure  clay  from  a half  to  two  inches  in  thickness.  These  sediments 
suggest  stream  deposits  washed  from  the  front  of  the  ice  sheet. 

The  beds  in  this  quarry  are  thrown  into  a series  of  open  folds  with 
horizontal  axial  planes,  two  ad.joining  anticlines  and  the  intervening 
syncline  being  visible  on  the  northwest  wall.  In  one  place  the  thicken- 
ing produced  by  such  folding  swelled  a bed  31/2  inches  thick  where 
the  dip  is  30°  (that  is,  on  the  limb)  to  dYi  inehes  on  the  axis  of  the  fold. 

The  strata  in  the  present  working  level  strike  X.65°E.  and  dip  var- 
iously. The  cleavage  strikes  X.65-80°W.,  dips  10°  or  less  to  the  south. 
Grain  trends  X.53°W.  A series  of  joints  strikes  X.10°E.,  dips  45- 
55°S. ; another  system  strikes  X.55-70°E.,  di]is  vertically,  and  cuts 
off  the  joints  of  the  set  first  mentioned. 

In  addition,  the  old  hole,  especially  along  the  western  walls,  shows 
an  almost  flat-lying  slippage  plane  striking  X.65°E.,  and  dipping  8-10° 
S.,  and  thus  parallel  with  the  cleavage.  In  the  present  working  level 
a similar  plane  is  seen.  Here  the  cleavage  is  curved,  and  there  is 
evidence  of  movement  along  a series  of  closely  spaced  cleavage  planes. 
A stringer  of  quartz  and  coarsely  crystalline  calcite  follows  this  dis- 
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turbed  zone ; at  intervals  the  wrinkling  of  the  cleavage  is  nnusnally 
eonspieuons  and  a spherical  or  lenticular  mass  of  calcite  and  quartz, 
irregular  in  outline  and  generally  elongated  parallel  to  the  cleavage, 
if  at  all,  appears.  Plate  VIII,  B,  shows  a similar  feature  as  seen 
in  the  Belfast  quarry  (see  p.  69). 

History  and  development. — This  quarry  was  opened  by  the  pioneer 
quarryman  Edelman,  after  whom  the  railroad  station  was  named,  about 
the  year  1870.  The  operating  company  abandoned  it  in  1900. 
In  1923  the  Theo.  Whitesell  Hard  Vein  Slate  Company  stripped  the 
surface  immediately  south  of  the  hole  and  began  to  quarry  slate. 
This  company  is  capitalized  at  $50,000  worth  of  stock  valued  at  $10 
per  share.  The  chief  owners  of  the  stock  are  Messrs.  AVm.  Tomkin, 
Ashley  Odenweiler,  John  K.  Chidsey,  Ray  G.  Whitesell,  and  Richard 
S.  Whitesell.  The  charter  Avas  issued  in  1923. 

SeATral  shanties  are  in  operation.  Tavo  masts  and  cables  are  used. 
Roofing  slate  is  produced. 

ij.  EARXETT  QUARRY. 

This  small  prospect  lies  about  840  feet  X.75°E.  from  the  station  of 
Edelman  on  the  DelaAvare,  LackaAvanna  & Western  Railroad.  It  is  10 
feet  deep  to  the  Avater  level  and  the  hole  prol)ablj^  extends  20  feet 
deeper.  The  beds  strike  X.80°E.,  dip  12°X. ; the  cleavage  strikes  about 
due  east,  dips  20° S. 

The  0])ening  Avas  last  Avorked  in  1887,  Avhen  a laAvsuit  as  to  property 
OAvnership  compelled  the  stopping  of  operations. 

G.  PEXXSYLA’AXIA  QUARRY. 

The  opening  is  immediately  east  of  Little  Bushkill  Creek,  500  feet 
south  of  the  station  of  Edelman.  The  measurements  are  300  by  250 
feet.  The  upper  5 feet  are  badly  Aveathered  slate  chips,  and  beloAv 
this,  solid  rock  appears.  The  strike  and  dip  of  bedding  and  cleavage, 
respectively,  are  X.80°E.,  15°X'.,  and  X.50°W.,  40°S.  The  slate  seems 
to  be  good  except  for  pyrite  and  calcite  along  fractures. 

This  quarry  Avas  first  opened  in  1895  by  Mr.  G.  W.  Geiser  of  Easton. 
It  is  on  the  property  of  the  Pennsyh’ania  Hard  Vein  Slate  Company, 
the  chief  stockholders  being  IMessrs.  Lieberman,  Osterstock,  and  Geiser, 
and  Dr.  Heller. 

In  1914  the  quarry  Avas  sold  to  Mr.  R.  X.  Male  of  Pen  Argyl. 

7.  SEEAI  QUARRY. 

This  and  the  Allen  quarry  lie  1,200  feet  Avest  of  the  Little  Bushkill 
and  equally  distant  from  Edelman  and  Werkheiser  on  the  DelaAvare, 
LaekaAATnna  & Western  Railroad.  The  northern  opening  is  the  Seem 
quarry.  It  measures  about  150  by  100  feet  and  is  separated  from  the 
Allen  quarry  by  a Avail  8 feet  Avide  along  its  soutlnvest  side.  The  depth 
is  not  known,  but  25  feet  of  slate  shoAV  above  Avater  level.  At  the  sur- 


F.ELFAST-EDELMAX  GUOUP 


247 


face  the  hard  slate  beds  strike  X.80°E..  dip  20°X. ; the  cleavage  strikes 
X.50°W.,  dips  13°S.  Prominent  joints  trend  X.60-80°E.  and  dip 
vertically. 

This  qnari’v  is  the  property  of  ilr.  J.  H.  Seem  of  Ifath.  It  has 
not  been  in  operation  for  the  last  20  years. 

S.  AELEX  QUARRY. 

This  lies  close  to  the  Seem  cpiarry;  the  wall  that  forms  the  south- 
west edge  of  the  latter  is  the  northea.st  side  of  the  opening  here 
described.  The  Allen  quarry  is  a rectangular  hole  about  100  feet 
square,  with  a projection  from  the  south  corner.  It  is  said  to  be 
the  deeper  of  the  two  openings.  It  shows  the  same  structural  features 
as  the  Seem  quarry.  The  overburden  is  about  1 feet  of  weathered 
slate. 

This  quarry  was  first  operated  by  Teeny  Allen  of  Portland.  In 
1910  Charles  Schuman  of  Bangor  attempted  quarrying  and  milling, 
but  failed. 

0.  XORTHAMPTOX  QTUVRRY. 

Location  and  dimensions. — This  is  a large  opening  at  least  175 
feet  deep  to  water  level,  and  said  to  have  been  350  feet  deep  when 
working.  It  is  500  feet  northeast  of  the  station  of  Werkheiser  on 
the  Delaware,  Lackawanna  & Western  Railroad.  In  ground  plan  it 
is  rectangular  and  measures  100  by  225  feet,  the  longer  dimension 
extending  X.55°E.  A smaller  quarry  lies  100  feet  S.20°E.  of  that 
described.  It  is  100  by  200  feet  in  area,  the  larger  dimension  ex- 
tending northeast.  A large  dump  lies  southwest  of  the  main  opening. 

Geology. — The  general  strike  of  the  beds  in  the  large  opening  is 
X.80°E.  to  X.80°W.  The  dip  is  very  variable,  being  generally  north- 
wai’d,  with  repeated  close  folds.  Cleavage  strikes  X.50°E.,  dips  5 to 
10°S.  At  depth  the  cleavage  is  good,  apparently  beneath  a flat  joint  or 
cleavage  plane  that  bears  calcite  and  closely  resembles  the  cleavage  slip 
seen  in  the  Edelman  quarry.  The  close  jointing  proved  disadvantageous 
to  ciuarrying.  The  bottom  is  not  accessible  and  was  therefore  not 
studied  in  detail. 

The  .smaller  hole  shows  beds  striking  due  east,  and  dipping  12°X. ; 
the  cleavage  strikes  X.70°E.,  dips  12°S.  There  is  less  overfolding 
here  than  in  the  larger  quarry.  Vertical  joints,  tending  to  curve 
downward,  strike  X.55°E,  There  are  also  numerous  minor  curved 
joints  which  seriously  interfered  with  quarrying. 

History  and  development . — This  opening  was  made  by  the  Xorth- 
ampton  Hard  Vein  Slate  Company,  which  was  formed  in  1885  and 
consisted  of  Theo.  Whitesell,  Geo.  W.  Geiser,  Wm.  II.  Smith,  Chas. 
P.  loung,  and  Robert  D.  Young,  all  of  Bangor  and  Easton.  The 
corporation  was  capitalized  at  $25,000.  The  quarry  was  operated  until 
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the  spring  of  1923,  even  througli  tlie  period  of  the  Great  AVar,  bnt 
tlie  partnership  Avas  dissolved  in  1924. 

The  small  hole  to  the  southeast  of  the  main  qnarry  Avas  more  in 
the  nature  of  a prospect,  though  carried  to  a depth  of  100  feet. 

At  the  time  of  the  Avriter’s  last  Adsit  the  masts  Avere  being  remoATd 
and  all  machinery  taken  aAvay.  A little  excellent  roofing  slate  re- 
mained on  the  tlump. 

10.  QUARRY. 

Just  sonth  of  the  road  from  the  Northamjdon  qnarry  to  AVerk- 
heiser,  and  east  of  Little  Bnshkill  Creek,  is  a small  opening  60  by 
80  feet  in  gronnd  plan.  AboA'e  the  slate  in  this  opening  are  15  feet 
of  fine  clay,  set  Avith  ])ebbles  of  sandstone  that  vary  in  diameter  \ip 
to  3 inches,  and  Avith  flakes  of  slate  8 inches  or  less  in  length. 
Rarely  the  pebbles  are  striated.  The  beds  in  the  opening  strike 
N.80°E.,  dip  65°N.,  Avith  at  least  one  close  fold  shoAving  in  the  north 
Avail.  Taa"0  N.60°E.  joints  are  seen.  Some  good  roofing  slate  lies  on 
the  dump. 

This  opening  Avas  a part  of  the  operations  of  the  Northampton 
Hard  Vein  Slate  Company.  Air.  R.  S.  AA^hitesell  of  Easton  says 
it  Avas  regarded  more  as  a prospect  than  as  a cpiarry. 

11.  QUARRY. 

In  the  valley  fiat,  just  Avest  of  the  Little  Bnshkill  and  about  half 
a mile  south  of  the  station  of  AVerkheiser,  is  an  old  slate  quarry 
measuring  70  liy  40  feet  in  area.  It  is  said  to  have  been  65  feet 
deep.  AVater  2ioav  fills  it  to  the  top.  The  bed  rock  cannot  be  seen. 
A feAV  old  slates  on  the  dump  seem  to  be  of  good  quality.  Air.  R. 
S.  AA^hitesell  says  that  a drill  core  Avas  obtained  in  this  opening  and 
at  50  feet  beloAv  the  (luarry  bottom  (total  depth  115  feet  beloAv  sur- 
face) a plane  of  movement  Avith  clayey  guage  and  closely  spaced 
joints  Avas  encountered.  This  apparently  rejiresents  another  cleav- 
age slip. 

This  opening  has  long  been  deserted. 

12.  THEQ.  AVII1TE8ELL  QUARRY. 

Location  and  dimensions. — This  large  opening  is  about  4,000  feet 
S.30°E.  from  the  station  of  AA^erkheiser  and  2,000  feet  east  of  Little 
Bnshkill  Creek.  It  is  irregular  in  shape  and  measures  roughly  240 
feet  N.20°AV.  by  285  feet  N.50°E. 

Geology. — The  beds  are  Aurtually  horizontal.  There  is  none  of  the 
repeated  OATrfolding  seen  in  the  Northampton  quarry.  The  “ribbons” 
seem  to  be  someAvhat  farther  apart,  and  less  conspicuous  than  in 
most  hard  slate.  The  cleavage  strikes  N.80°E.,  dips  18°SE.  Grain 
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trends  X.50°W.  Prominent  joints  strike  X.75°E.  to  X.80°W.,  ■with 
dips  A'arying  from  70°S.  to  A’ertical.  A less  eonspicuons  system  strikes 
X.70°E.,  di])s  at  angles  of  about  45°X.  A foAv  irregular  joints  strike 
X.30°E.  Tlie  tAvo  main  systems  are  closely  eontem])oraneous,  as  they 
cut  eacli  other  indiscriminately.  The  outstanding  feature  of  these 
joints  is  the  general  parallelism  in  their  strike. 

Hisforii  and  development. — This  cpiarry  AA'as  operated  by  the  Theo. 
Whitesell  Company  of  Easton,  the  main  stockholders  of  Avhich  are 
Messrs.  R.  G.  Wliitesell,  R.  S.  Whitesell,  E.  AV.  Lanb,  and  E.  P. 
Lanb  of  Easton  and  P>elfast.  The  company  Avas  incorporated  in  1916, 
but  the  cpiarry  AAas  opened  as  early  as  1890  by  Theo.  AVhitesell.  The 
corporation  AA-as  capitalized  at  ■$12,500.  Operations  AA'ere  fairly  success- 
ful, but  there  aauis  some  curAuiture  of  the  cleavage.  The  Avork  ceased 
in  1924. 

The  ecpiipment  included  3 cables  and  masts.  A full  line  of  roof- 
ing slate  AA’as  produced. 

la.— 14.  QUARRIES. 

Tavo  small  prospect  pits  lie  immediately  east  of  the  Theo.  AVhite- 
sell  cpiarry.  The  northern  is  by  far  the  larger  opening,  lii  it  the 
beds  are  horizontal  and  the  cleaA’age  strikes  X.80°E.,  dips  18°S. 
The  grain  trends  X.40°AV.,  dips  steeply  northeast.  A set  of  joints 
striking  X.80°E.,  and  dipping  80° S.  is  conspicuous.  The  history  of 
the  OAvnership  of  these  smaller  openings  is  similar  to  that  of  the 
AVhitesell  cpiarry. 

to.  PRITCHARD  QUARRY. 

This  old,  deserted  (piarry  lies  S.25°E.  of  the  station  of  AVerkheiser, 
up  a small  A’alley  that  enters  the  Little  Biishkill  from  the  east.  The 
opening  is  irregular  in  shape,  its  maximum  dimensions  being  200  by 
80  feet  and  its  greater  length  extending  about  due  east.  AVater  rises 
to  AA'ithin  5 feet  of  the  surface. 

The  slate  is  typical  hard  slate,  closely  banded.  The  bedding  strikes 
X.72°E.,  and  clips  15°X.  Cleavage  i)lanes  strike  X.35°E.,  dip  18°S. 

The  cpiarry  Avas  operated  in  the  years  1854  to  1878  by  Air.  C.  J. 
Pritchard  of  Easton.  Some  50,000  scpiares  of  slate  Avere  produced. 

10.  OLD  BELFAJST  QUARRY. 

Location  and  dimension.^. — This  small  cpiarry  lies  700  feet  Avest  of 
the  Belfast-AVind  Gap  higlnvay,  clue  Avest  of  the  Belfast  school.  It 
measures  85  by  125  feet,  the  greater  length  being  in  the  direction 
N^.42°AA"’.  The  opening  is  rectangular.  Its  deiith  is  20  feet  to  Avater 
level,  Avhere  the  Avails  are  highest,  but  probably  extends  60-80  feet 
deeper.  Along  the  northeast  side  stripping  has  been  clone,  apparently 
looking  tOAvard  further  cpiarrying. 

Geology. — The  stripping  mentioned  exposes  1 to  5 feet  of  drift,  con- 
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sisting  of  boulders  of  sandstone,  conglomerate  and  quartzite.  Be- 
neath this  overl)urden  the  bedding  is  horizontal  in  the  south  end  of 
the  opening  and  dips  gently  north  at  the  north  end.  The  cleavage 
strikes  N.80°E.,  dips  28°S. ; grain  trends  N.48°W.  A system  of  prom- 
inent joints,  striking  X.55-70°E.  and  dipping  vertically  or  nearly  so 
is  well  developed ; joints  of  this  set  form  the  longer  Avails  of  the  open- 
ing. 

History  and  development. — The  history  of  this  quarry  is  linked 
Avith  that  of  the  ncAV  Belfast  quarry  to  the  Avest  and  Avill  be  described 
later. 

One  cable  and  pulley  still  remain  at  the  pit. 

17.  BELFAST  QUARK Y. 

Location  and  dimensions. — This  large  quarry  lies  due  Avest  half  a 
mile  from  the  sehoolhouse  in  Belfast,  north  of  the  road  from  Belfast 
to  Jaeksonburg,  and  east  of  Bushkill  Creek.  The  opening,  Avith  several 
jogs  in  its  AA-alls,  is  roughly  rectangular,  measuring  in  ground  plan 
185  feet  in  its  greater  (northeast)  length  by  137  feet  nortliAvestAA’ard. 
It  is  about  150  feet  deep  to  the  loAvest  level,  AAdiich  is  partly  under 
Avater.  Operations  Avere  progressing  in  1924  on  seA'eral  sub-leA'els 
betAveen  100  and  150  feet  deep,  and  on  an  upper  “piece,”  30  feet 
beloAV  the  surface,  lu  1926  the  quarry  Avas  shut  doAvn. 

The  large  dum])  is  Avest  of  the  opening,  betAveen  it  and  the  stream. 

Geology. — The  fresh  slate  is  covered  by  an  OAmrburden  of  2 to  3 
feet  of  decayed  slate  and  chips,  upon  Avhich  rest  8 feet  of  glacial  clay 
bearing  faceted  quartzite  boulders.  Fresh  slate,  suitable  for  sale,  is 
quarried  15  feet  beloAV  the  surface. 

The  beds  are  ty]ucal  hard  slate  throughout  the  quarry;  on  the 
loAvest  level,  hoAveA'ei’,  the  beds  ap]iearing  on  the  Avorking  piece  are 
someAvhat  more  siliceous  and  not  profitably  quarried. 

At  the  surface  the  strike  is  N.80°W.,  dip  7°  N.  On  the  next  loAver 
IcatI  the  dip  and  strike  are  similar,  but  on  the  loAvest  Avorking  level 
(depth  100  feet)  the  strata  take  a sharp  turn,  dipping  first  20°N., 
then,  at  a depth  of  about  120  feet,  45°S.,  and  finally,  in  the  A’ery 
deepest  part  of  the  quarry,  being  again  reA’ersed,  3°N.  Aiiiiroximately 
the  same  strike  is  maintained  by  the  beds  throughout. 

The  cleavage  strikes  approximately  due  east,  and  A’aries  in  dip 
from  5 to  22°S.  Grain  trends  on  an  aAmrage  N^.40°W.,  and  is  A’ertical. 

The  jointing  in  this  quarry  is  very  regular.  All  joints  strike 
northeast,  and  by  far  the  greater  ]iart  between  N.60°  and  80°E.  The 
dips  are  generally  steep,  Amrying  betAveen  65  and  90°S.  BetAveen 
tAA’o  larger  joints  it  is  common  to  find  a set  of  smaller  compensating 
joints,  their  strikes  making  angles  of  45°  or  less  Avith  the  main  joints 
and  their  dips  about  the  same  in  magnitude  and  direction  as  those 
of  the  latter.  For  joint  diagrams  see  Plate  XXXI,  p.  243. 
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About  5 feet  below  the  loAvest  working'  level  ami  10  feet  above  it 
respectively  are  two  “floors”  (in  the  vernacnlar  of  the  qnarrymen) 
or  cleavage  slip  planes.  Plate  VIII,  B,  is  a photograph  of  the  lower 
cleavage  slip.  This  is  a zone  abont  10  inches  thick  (at  right  angles 
to  its  plane)  and  parallel  with  the  cleavage.  Above  and  below  it  the 
slate  is  solid  and  the  beds  dip  20°N.,  the  cleavage  20° S.  In  the 
cleavage  .slip  itself  the  movement  has  accentuated  the  cleavage,  so 
that  the  slate  breaks  into  thin  slivers.  There  is  little  tendency  for 
cleavage  planes  actually  to  curl,  but  they  are  more  irregular  than 
those  beyond  the  zone  of  the  slip.  The  slip  zone  contains  lenticular 
masses  of  quartz  with  carbonaceous  and  sericitic  inclusions,  the  lenses 
being  inclined  southward  more  .steeply  than  the  cleavage.  These 
relations,  as  well  as  the  offsetting  of  joints  above  and  below  the  zone 
of  movement  and  the  fact  that  the  beds  above  the  zone  dip  north- 
ward while  those  beloAv  dip  steeply  south,  suggest  that  there  has 
been  horizontal  movement  along  the  cleavage  slip  zone,  the  upper  side 
moving  northward. 

In  the  higher  of  the  two  zones  of  movement  there  are  not  merely 
quartz  lenses,  but  quartz-filled  gash  joints,  dipping  parallel  with 
the  lenses.  In  this  case  the  joints  above  the  slip  zone  are  offset  north- 
ward 4 inches  above  those  below. 

Numerous  irregular  joints  or  “scows,”  roughly  parallel  in  strike 
with  the  grain,  but  dipping  30-60°NE.  or  >SW.,  are  seen  in  this  opening. 

History  and  development . — Slate  was  first  quarried  here  in  1884  by 
Amen  Hughes.  Subsequently  the  quarry  passed  into  the  hands  of 
Mr.  G.  F.  Messinger  of  Tatamy.  In  1918  the  property  Avas  purchased 
by  Mr.  W.  I.  Gold  of  Nazareth;  since  its  acquisition  by  Mr.  Gold 
the  quarry  has  been  in  continuous  operation. 

The  equipment  includes  three  masts  and  cables,  of  Avhich  two  Avere 
in  use  in  the  summer  of  1924.  Eight  shanties  Avere  operating  at  the 
time  mentioned.  The  products  include  roofing  slate,  flagging,  fence 
posts,  and  graA^e  Am\ilts.  Eoofing  slate  is  made  in  sizes  up  to  12  by 
28  inches.  Fence  posts  sell  at  about  30  cents  apiece. 

18.  QUARRY. 

At  Belfast  Junction  south  of  the  secondary  road  that  crosses  the 
Little  Bu.shkill  here,  and  east  of  the  stream,  is  a small  rectangular 
opening,  25  by  30  feet  in  areal  dimensions  and  25  feet  deep.  Slate 
shoAving  on  the  wall  strikes  N.60°E.,  and  dips  20°S.,  but  Mr.  K. 
S.  Whitesell  of  Easton  asserts  that  cement  rock  Avas  encountered  at 
depth.  It  thus  appears  that  the  opening  is  near  the  base  of  the 
Martinsburg  formation. 
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19.  HENRY  QUARRY. 

This  old  opening  is  2,000  feet  southeast  of  Filetown  and  about  fi/4 
miles  due  west  of  Belfast  Junction,  on  the  property  of  Mr.  G.  W. 
Metz.  It  is  about  80  bj^  120  feet  in  area  and  approximately  40  feet 
deep.  Water  now  fills  the  opening. 

In  the  northeast  corner  the  cleavage  strikes  N.50°E.,  dips  13°S. 
The  bedding  is  nowhere  accessible  to  accurate  measurement,  but  ap- 
pears to  strike  about  N.65°E.  (estimated),  with  a dip  of  50°S.  Grain 
trends  N.48°W.,  dijis  80°S.  Some  poorly  developed  joints  strike 
N.80°AV.  and  are  vertical. 

The  slate  on  the  dumj)  shows  moderately  thick  beds.  Some  roofing 
slates,  already  punched,  are  on  the  dump. 

The  quarry  was  last  operated  about  40  years  ago.  At  that  time 
EdAvard  Henry  was  in  charge,  a lease  having  lieen  secured  from  Mr. 
J.  Aloyer,  Avho  owned  the  property.  The  product  was  good  roofing 
material  that  found  much  favor,  especially  in  Nazareth. 

20.  QUARRY. 

Halfway  betiveen  PiletoAvn  and  Cherry  Hill  and  about  300  feet 
nortliAvest  of  the  road,  is  a small  opening  measuring  35  by  15  feet 
and  5 feet  deep  to  Avater  IoatI.  The  beds  strike  N.70°E.,  dip  40°S., 
AA’hereas  the  cleaAmge  strikes  N.80°E.,  dips  11°S.  Typical  hard  slate 
is  exposed.  The  structural  relations  are  those  of  the  north  limb  of 
a northward  overturned  anticline. 

The  opening  is  clearly  no  more  than  a prospect.  Its  history  is 
not  knoAvn. 

Chapman  Group 
SUMMARY. 

A number  of  quarries  in  the  hard  belt  are  scattered  throughout  the 
area  drained  by  Monocacy  Creek  and  lying  betAveen  the  outcrop  of 
the  “cement  rock”  or  Jacksonburg  limestone  to  the  south  and  the 
southern  fringe  of  the  middle,  sandy  member  of  the  Alartinsburg 
formation.  These  quarries  are  lumped  together  under  the  title  of 
Chapman  group,  merely  because  the  ]iresent  (and  probable  future) 
]>roduction  centers  around  the  station  of  Chapman  on  the  Lehigh  & 
NeAV  England  Railroad  (Figure  39).  The  most  logical  and  common 
commercial  center  for  the  quarries,  hoAveA'er,  is  the  toAvn  of  Bath. 

The  beds  exposed  are  all  in  the  hard  belt,  and,  as  separate  beds 
in  this  loAvest  memlier  of  the  Llartinsburg  bear  no  marks  by  Avhieh 
they  can  be  readily  distinguished  from  those  aboAT  and  beloAV,  the 
correlation  of  the  strata  in  one  quarry  Avith  those  in  another  is  im- 
possible. The  hard  slate  member  is  throAvn  into  repeated  folds,  AAdiieh, 
though  generally  small,  are,  as  far  as  the  quarries  expose  them, 
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generally  not  very  ‘‘tight,”  that  is,  they  have  large  opening  angles. 
The  cleavage  is  regular,  and  generally  strikes  X.55-80°E.,  Avith  gentle 
southward  dips. 

Faidting  is  rare,  only  one  case  being  recorded,  and  even  in  this 
instance  the  displacement  does  not  exceed  a foot.  Some  slippage  along 


EXPLANATION 

Quarry  ^ Strike  of  vertical  beds 

2.0  Dip  and  strike  of  beds  \S  Dip  and  strike  of  cleavage 

Figure  39.  Map  of  Cliapiuaii  and  environs. 


cleavage  planes  is  suggested  in  the  Chapman  Standard  quarry  and 
in  the  tAvo  Chapman  quarries. 

The  jointing  Avas  studied  in  great  detail  only  in  the  three  opening.s. 
noAV  operated;  the  strike  of  most  of  the  joints  is  about  X.C0°E.,  and 
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dips  are  vertical.  This  system  is  not  conspicuous,  and  is  generally 
compensated  by  joints  with  similar  strikes  but  gentle  dips. 

The  grain,  as  usual,  trends  northwest. 

The  outstanding  products  of  the  Chapman  group  of  quarries  is 
roofing  slate  of  the  typical  “ribboned”  variety,  but  slate  for  various 
structural  purposes  for  Avhich  milling  is  not  needed  is  also  obtained. 
This  includes  grave  vaults,  fence  posts,  and  Avail  boards. 

Three  openings  are  noAV  operated  in  this  group,  all  by  the  Chapman 
Slate  Company. 

1.  GRABER  QUARRY. 

This  pit  is  in  the  stream  A'alley  about  a mile  due  AA'est  of  the  Chap- 
man quarry  and  an  equal  distance  south  of  KlecknersAulle.  It  is 
a small  opening,  long  deserted,  shoAving  a little  closely-ribboned  slate 
on  the  dump.  Xo  slate  is  seen  in  place  aboAT  the  Avater  Avhich  fills 
the  hole. 

2.  THE  AVELSIIMAN'S  QUARRY. 

This  opening  is  X.65°W.  seven-tenths  of  a mile  from  the  station 
at  Chapman,  and  about  1,000  feet  Avest  of  the  Ryan  quarry.  It  is 
a small  pit,  about  100  feet  in  the  greatest  length,  irregular  in  shape. 
The  depth  is  probably  not  over  20  feet. 

In  the  soutliAvest  corner  the  beds  strike  X.10°B.  (?),  dip  12°X. ; 
the  cleavage  strikes  X.60°E.  (?),  dips  5°S.  The  slate  appears  to 
be  of  good  quality,  but  ATry  irregular  joints,  Avhich  probably  hindered 
quarrying,  are  seen  on  the  Avails. 

3.  RYAN  QUARRY. 

This  opening  is  1,200  feet  due  Avest  of  the  Chapman  Standard 
c[uarry  and  is  Avest  of  the  road  from  Chapman  to  KlecknersAulle.  It 
is  200  feet  square.  The  depth  Avas  at  least  75  feet.  A large  dump  is 
Avest  of  the  hole.  AVater  uoav  stands  in  the  opening. 

In  the  soutliAvest  corner  of  the  quarry  a little  slate  is  seen.  The 
beds,  though  not  accessible,  are  e.stimated  to  strike  X.70°E.,  and  to 
dip  40°X.  Cleavage  appears  to  dip  7°S.  Grain  trends  N.38°A\".  A 
ATry  regular  vertical  joint,  striking  X.60°E.,  forms  the  southeast 
quarry  Avail. 

Xo  machinery  remains  on  the  dump.  The  slate  is  closely  “ribboned” 
and  appears  to  be  of  good  quality,  Avith  no  excess  rusting,  quartz- 
filled  crevices,  pyrite,  nor  curved  cleavage. 

Quarrying  AA^as  dicontinued  in  1893.  The  land  is  now  the  property 
of  the  AA^ilbur  Trust  Company,  of  Bethlehem,  Pa. 

4.  BETHLEHEM  QUARRY. 

This  quarry  is  about  400  feet  soutliAvest  of  the  Chapman  Standard 
and  just  north  of  the  road  from  Chapman  to  KlecknersAulle.  It  is 
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160  by  60  feet  in  size,  the  greater  (limensio)i  exteuiling  northeast ; 
tlie  opening  is  virtually  rectangular,  Avith  minor  irregularities,  and 
is  filled  Avitli  Avater ; some  slate  sIioavs  above  Avater  level  on  three  sides. 

The  slate  exposed  is  typical  of  the  hard  belt.  At  the  highest  point 
in  the  C|uarry  Avail  the  beds  strike  X.70°E.,  dip  southeast  about  40°, 
then  the  dip  decreases,  and  steepens  again  loAver  doAvn  (see  Figure  40)  ; 
in  this  folding  there  is  a notable  lack  of  thickening  of  beds  on  the 
crests  and  troughs. 

The  cleavage  strikes  X.57°E.,  dips  18°S.  Grain  trends  X.40°W. 
The  joints  are  notably  regular  and  fall  into  one  system:  all  major 
joint  planes  strike  X.62-68°E.,  and  are  vertical.  BetAA’een  these  major 


I' igure  40.  Northeast  wall  of  Bethlehem  (iuarr\'.  to  show  turn  in  dip  of  beds. 

From  soiithwest  side  of  opening. 

fractures  there  are  commonly  minor  crevices  striking  X. 50-60° E., 
Avhich  stop  abrujitly  at  their  intersections  AA'ith  the  major  fractures. 

Xo  machinery  remains.  This  cpiarry  Avas  opened  before  the  Chap- 
man Standard,  and  Avork  Avas  abandoned  approximately  at  the  time 
of  the  beginning  of  operations  in  the  latter  quarry. 

d.  CHAPMAN  STANDARD  QUARRY. 

Location  and  Limemions. — Tlie  Chapman  Standard  quarry  is  one 
of  the  feAv  in  the  Chapman  group  uoav  being  operated.  It  is  250 
feet  soutliAvest  and  virtually  along  the  strike  from  the  large  Chapman 
quarry.  In  ground  plan  it  is  a rhombic  opening  about  250  feet  in 
length  and  AA’idth.  4 he  depth  is  140  feet  to  Avater.  On  the  nortliAvest 
side  the  Avail  slopes  steeply  from  the  surface  to  the  bottom  of  the 
quarry;  everyAvhere  else  the  sides  are  sheer.  5Ylien  visited,  the  quarry 
Avas  being  Avorked  on  one  level  only — that  in  the  south  corner — Avhere 
a piece  Avas  being  removed  about  40  feet  above  the  Avater  in  the 
bottom. 
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A large  clump  is  Avest  of  tlie  opening. 

Geology. — The  thin  overburden  consists  of  Aveathered  slate.  Much 
has  been  stripped  in  the  early  cpiarry  operations. 

The  strata  exposed  are  all  typical  of  the  hard  belt,  being  closely 
ribboned,  Avith  many  siliceous  layers  and  only  a feAV  beds  excep- 
tionally rich  in  carbonaceous  matter. 

The  opening  exhibits  Avell  the  folding  characteristic  of  the  loAvest 
members  of  the  Martinsburg  formation.  At  the  very  surface,  in 
the  north  corner,  the  strike  is  N.80°E.,  and  the  dip  75 °S.,  but  in  the 
south  corner  the  dip  is  nortlnvard,  OAving  to  the  emergence  betAveen 
these  points  of  an  anticlinal  axis  that  dips  south.  MiclAA^ay  along 
the  northeast  side,  a synclinal  axis  is  encountered  in  the  descent. 
BeloAV  this,  at  50  feet  of  depth  another  anticlinal  axis  is  seen,  and  at 
a depth  of  80  feet  one  more  syncline,  the  beds  here  striking  N.75°E., 
and  dipping  80°N.  These  folds  (see  Figure  41)  are  open,  Avith 


Figure  41.  Sketch  of  northeast  wall  at  east  corner  of  Chapman  Standara 
qnarr,A^  as  seen  from  floor  of  quarr.v.  Shows  changes  in  dips  of  bed- 
ding, and  intersection  of  joints  dipping  45°S.  Avith  others  dipping 
vertically. 


little  thickening,  if  any,  on  the  crests  and  troughs. 

The  cleaAmge  strikes  N.60-70°E.,  dips  about  15°S.  Avherever  ob- 
served. Some  is  curved.  Grain  trends  N.50°W.,  and  is  vertical. 
Jointing  Avas  studied  in  detail.  Of  23  joints  recorded  in  the  bottom. 
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20  strike  between  N.  53  and  80°E.,  and  all  except  one  have  a dip 
of  60°  or  more,  althong-li  the  direction  of  dij)  varii'S,  being  about 
ecpially  distributed  between  north  and  sontli.  Four  of  the  prominent 
X.58°E.  joints  are  continnous  from  top  to  bottom  of  the  opening.  The 
more  nearly  vertical  joints  not  nncomnionly  pass  upward  or  downward 
into  less  steeply  dipping  joints,  with  which  they  unite.  In  other  cases 
they  are  offset  by  and  themselves  offset  the  joints  of  lower  dip.  The 
joint  surfaces  are  not  iincommonly  coated  with  quartz  or  calcite ; the 
calcite  coats  the  sides  of  the  joint  crevices,  the  quartz  being  central ; 
this  relation  is  interpreted  as  meaning  that  the  quartz  was  the  last 
mineral  deposited  (see  also  Plate  XXXI,  C,  p.  243). 

A noteworthy  feature  is  the  presence  of  two  cleavage  slij)  ])lanes, 
one  about  20  feet,  the  other  30  feet  below  the  surface.  Both  show  a 
white  mineral  (quartz?)  in  the  zone  of  the  plane.  Neither  gives 
ab.solute  evidence  of  movement  and  both  are  crossed  by  all  major 
joints,  though  a few  less  conspicuous  fractures  stop  at  these  i>lanes. 

History  and  development. — The  Chapman  Standard  (pmrry  was 
opened  in  I860;  the  first  deed  recorded  carries  the  name  of  Charles 
F.  Griffin  and  is  dated  1874.  In  1876  Daniel  P.  Griffin  ])urchased 
fhe  properfy.  In  1886  the  quarry  was  leased  and  in  1890  ])ui-chased 
by  the  Chapman  Standard  Slate  Company  of  Philadelphia.  In  1926 
this  quarry  had  been  purchased  by  the  Chapman  Slate  Company. 

Three  cables  Avith  masts  and  ]nilleys  give  access  to  the  opening. 
An  engine  house  is  located  near  the  north  corner  of  the  quarry.  In 
1924  eight  shanties  were  in  use.  The  products  include  roofing  slate 
and  some  slate  slabs.  The  roofing  slate  is  classified  into  “firsts”  and 
“seconds,”  according  to  Avhether  the  cleaA'age  is  rough  or  .smooth, 
Avhich  is  generally  determined  by  the  presence  or  absence  of  thick 
siliceous  “ribbons.” 

G.  CHAl'ilAX  QUARRY. 

Location  and  dimensions. — Tavo  large  holes  constitute  the  Avorkings 
of  the  Chapman  Slate  Company,  one  of  the  oldest  producers  of  slate 
in  Northampton  County.  The  tAvo  openings  are  almost  continuous, 
but  are  separated  by  a Avail  of  rock  about  50  feet  Avide.  They  lie 
betAveen  and  along  the  strike  of  the  Keystone  and  Chai)inan  Standard 
quarries,  and  roughly  1,200  feet  north  of  the  Chapman  station.  The 
Ave,stern  o])ening  is  the  smaller.  It  is  roughly  rectangular  in  areal 
dimensions,  about  450  feet  long  by  300  feet  Avide,  and  130  feet  deep. 
The  eastern  opening  is  irregular  in  shape,  has  about  the  same  Avidtli, 
but  is  1,000  feet  long,  and  rivals  the  largest  quarries  in  the  Bangor 
and  Pen  Argyl  districts  in  A’olume;  its  de]hh  is  150  feet. 

At  present  much  of  each  of  the  openings  is  filled  Avifh  Avasfe  and 
Avater  stands  in  the  bottoms  of  both.  Where  Avork  is  not  in  progress 
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waste  lias  accumulated  on  the  working’  levels,  and  here  and  there  the 
Avails  haA’e  collapsed. 

A large  dump  A’irtually  surrounds  both  excavations,  but  has  been 
built  up  mainly  on  the  southeast  and  nortliAvest  sides.  Much  A\mste 
is  noAV  being  throAvn  into  the  east  opening. 

In  1924  cpiarrying  Avas  in  progress  at  the  soutliAvest  end  of  the  Avest 
hole  on  tAvo  step-like  levels  beneath  the  surface,  and  at  the  northeast 
end  of  the  east  hole  on  tAVO  similar  leA’els.  The  bottoms  of  both 
quarries  are  abandoned. 

The  geology  of  these  tAvo  openings  cannot  here  be  described  in  great 
detail,  but  the  outstanding  features  may  at  least  be  mentioned.  A 
separate  description  is  merited  for  each  opening. 


Figure  42.  Hiagrammiitic  sketch  of  folding  seen  in  northeast  wall  of  west 
opening,  Chapman  qnarr.v.  as  Aiewed  from  southwest  side.  Compare 
with  Figure  41. 

Geology  of  the  west  quarry. — The  excaA’ation  sIioavs  slate  under  an 
8 foot  overburden  of  clay  set  Avith  slate  chips.  The  beds  at  the 
surface  strike  X.60-70°E.,  and  dip  30°S.  in  the  south  corner.  Ap- 
])roximately  the  same  strike  is  ])reserA’ed  throughout  the  depth  of  the 
o))ening,  but  the  dip  reverses  itself  seA'eral  times;  in  fact,  parts  of  the 
tAvo  anticlinal  folds  that  Avere  described  in  the  Chapman  Standard 
(piarry  are  A’isible  in  the  northeast  Avail.  There  is  this  slight  differ- 
ence in  the  folds  exhibited,  liOAveA’er : the  greater  erosion  and  the 
greater  depth  of  bottom  in  the  Chapman  quarry  caused  the  surface 
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to  be  carried  beneath  tlie  Ingbest  anticline  of  the  Chapman  Standard 
and  there  is  displayed  instead  an  anticlinal  axis  at  the  very  bottom 
of  the  opening,  Avhere  the  beds  dip  80°S. 

As  the  planes  of  these  folds  strike  X.70°E.,  vhereas  the  greater 
part  of  the  sonthea.st  quarry  -syall  trends  X'.60°E.  along  a joint, 
traces  of  these  folds  on  the  southeast  quarry  vail  give  the  etfeet  of 
half-ellipses  instead  of  arcs  of  circles,  such  as  they  really  are,  and  of 
great  flattening  and  thickening  in  the  troughs  and  crests  (see  Plate 
XXXIII,  A)  ; hoAveyer,  both  these  impressions  are  seen  to  be  incorrect 
when  the  northeast  wall  is  viewed  along  the  strike  (Figure  42). 

The  cleavage  strikes  generally  about  X'.70°E.,  dips  12-20°S.  Grain 
trends  X.dl®^.,  and  is  vertical. 

Joints  form  many  of  the  smooth  faces  seen  on  the  quarry  walls. 
The  most  conspicuous  strike  N.60-70°E.,  dip  vertically  or  steeply  to 
the  north.  Locally  these  pass  downward  into  joints  of  lower  dip,  but 
more  commonly  they  hold  their  courses  across  the  more  gently  dip- 
ping joints.  One  of  the  vertical  joints  forms  most  of  the  southeast, 
and  another  much  of  the  northwest  wall,  and  two  others  pass  com- 
pletely across  the  quarry.  Minor,  compensating  joints  strike  parallel, 
but  dip  .33-60°S.  These  are  generally  cut  by  the  joints  having  the 
steeper  dip.  The  pattern  outlined  is  very  closely  similar  to  that  seen 
in  the  Chapman  Standard  quarry,  where,  unfortunately,  none  of  the 
joints  actually  measured  and  plotted  belong  to  the  more  gently  dip- 
ping system.  Some  of  the  joint  planes  bear  coatings  of  fibrous 
calcium  carbonate. 

The  regularity  of  these  jointing  systems  is  well  displayed  in  the 
photograph,  Plate  XXXII,  B. 

Geology  of  the  east  quarry. — Although  apparently  more  complex  in 
structure,  the  geology  of  the  east  quarry  is  similar  to  that  of  the  west 
opening  and  to  the  Chapman  Standard  quarry.  The  anticlinal  axes 
are  at  depths  of  30  and  100  feet.  The  same  fold  traces  are  seen  in  the 
southeast  Avail  (Figure  43),  as  in  the  corresponding  side  of  the  Avest 
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PLATE  XXXII 


A.  Jointing  in  northeast  side  of  Belfast  qnarry,  lookiiiK  N.  75°  E.  from  middle 
of  southwest  side.  Several  major  joints  strike  N.  70°  E.  and  dip  almost  verti- 
cally. 


B.  Southwest  wall  of  west  oiiening  of  ( hapman  (piarry.  as  viewed  from  north 
corner.  To  show  the  inlhienee  on  ipiarrying  of  the  strong  joints  striking  N.  05° 
E.  and  dipping  vertically. 


openiii",  though  liere  not  so  readily  pieced  top-etlier  because  of  the 
presence  of  irregular  reentrants  in  the  walls.  At  the  surface  on  the 
northeast  side  of  the  hole,  the  beds  strike  X.70°E.,  dip  ‘d8°S..  but  about 
■iO  feet  below  the  surface  the  dip  is  vertical.  The  cleavage  strikes  ap- 
proximately N.60-65°E.,  dips  15°S.  Grain  trends  X.40-47°W.,  and  is 
vertical. 

Jointing  is  Avell  marked.  In  addition  to  many  lesser,  irregularly 
curving,  and  generally  iron-stained  joints,  called  “scows”  by  the 
quarrymen,  there  is  the  same  system  of  major  joints  striking  X.r)r)-80° 
E.  and  dipping  vertically,  and  a set  of  fractures  that  strike  X.10°\V.- 
10°E.,  dipping  steeply.  An  unusual  set  of  four  joints  strikes  X..‘hi°E., 
dips  75°S.  As  in  the  opening  to  the  west,  many  of  the  joints  are 
coated  with  caleite  (see  also  Plate  XXXI,  p.  243). 

A rather  unusual  feature  is  the  presence  of  minor  faulting  parallel 
with  the  cleavage  and  apparently  relieving  the  small  folds.  This 
is  Avell  shoAvn  in  some  of  the  rusty  beds  on  an  abandoned  working- 
level  east  of  the  true  Avorking  leA^el.  A small  fault,  similar  to  those 
in  the  Jackson  Bangor  quarries  and  having  a disjJacement  of  one 
foot,  is  seen  in  the  southeast  Avail  of  the  AVorking  hwel.  The  plane 
could  not  be  measured,  but  it  is  clear  that  the  beds  beneath  it  moved 
forAvard,  the  fault  in  this  respect  again  resembling  those  of  the  Jack- 
son  Bangor  openings. 

Histori)  and  development. — The  Chapman  Slate  Company,  of  Beth- 
lehem, Pa.,  AA'as  organized  in  March,  1864,  by  William  Cha]mian,  the 
uncle  of  the  present  OAvner.  The  firm  is  controlled  by  the  Chaiiman 
family.  Production  has  been  continuous  since  the  opening  of  the 
quarry  in  1850,  but  Avas  seA’erely  reduced  during  the  Avar,  the  price  of 
slate  being  about  doubled  betAveen  1914  and  1918  because  of  the  cost 
of  labor. 

When  studied,  the  north  hole  Avas  served  by  three  masts  and  cables, 
the  south  by  four ; all  masts  are  in  excellent  order  and  of  steel  instead 
of  Avood.  At  the  Avest  opening  one  of  the  cables  is  fitted  Avith  a mast 
at  both  ends,  to  kee])  it  clear  of  the  ground.  There  are  the  usual 
motion  shanties  and  hoist  houses.  TAA'enty-one  rooting  slate  shanties 
Avere  in  use  in  1924.  The  arrangement  of  the  tracks  is  illustrated 
in  Figure  44.  An  electric  locomotXe  is  used  for  hauling. 

The  products  include  all  sizes  of  roofing  slate.  A feature  is  the 
making  of  especially  thick  slate  upon  order;  this  slate,  three-quarters 
of  an  inch  in  thickness,  is  used  to  impart  a rustic  finish  to  residences 
designed  to  resemble  old  manor  houses.  The  standard  sizes  of  roof- 
ing slate  produced  vary  up  to  16  by  27  inches,  Avith  a thickness 
of  0.25  inch.  Occasional  orders  are  received  for  lieaA-y  flagging  for 
garden  Avails.  Grave  vaults  and  fence  po.sts  are  also  made.  About 
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thirty  years  ago  blackboards  were  produced,  polishing  being  done  Avith 
the  aid  of  diamond  dust. 

7.  KEYSTONE  QUARRY. 

Tliis  opening  is  about  2,000  feet  north  of  the  station  at  Chapman 
and  immediately  west  of  the  railroad.  It  is  270  by  325  feet  in  maximum 
dimensions  and  irregular  in  outline.  It  is  said  to  be  250  feet  deep, 
but  is  now  filled  with  Avater.  The  slate  in  the  AAmlls  is  not  accessible. 
A large  dump  is  nortlnvest  of  the  opening,  and  some  AA'aste  is  also 
piled  up  to  the  east. 

The  bedding  cmdd  not  be  seen  from  the  surface.  The  cleaA'age 
ajApears  to  strike  N.60°E.,  and  dips  20°S.  SeA'eral  joints  Avere  seen 
striking  N.60-70°E.,  dipping  70-90°AY. ; three  of  these  form  the  north- 
AA'est  AAmll  of  the  opening. 

The  equipment  remaining  consists  of  tAA'O  hoist  houses,  tAvo  masts, 
and  four  cables. 

Tliis  quarry  AA’as  opened  about  1860.  Some  time  ago  it  AA'as  acquired 
by  the  Keystone  Slate  Company,  Avhich  operated  it  until  the  middle 
of  1914  and  sold  the  property  in  1921.  The  purchaser  Avas  Air.  Jacob 
Orkin  of  Easton,  Pa. 

8.  QUARRY. 

A small  cut  in  the  hillside,  about  400  feet  N.65°E.  from  the  Kej- 
stone  quarry  and  east  of  the  railroad,  is  60  by  30  feet  in  area  and  has  a 
maximum  depth  of  30  feet.  In  the  south  aauiII  the  clcaATge  strikes 
N.60-70°E.,  and  dips  13°S.  In  the  AA^alls  minor  recumbent  folds  are 
visible,  Avith  axial  planes  striking  N.70°E.  and  dipping  13°S. 
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A.  Siirfai-e  of  conspicuous  .ioint  striking  X.  (>0°  E.,  on  sontheast  side  of  west 
opening,  Chapman  quarry.  To  show  pi-ojections  of  folds  on  tliis  surface. 


B.  Dump  and  twenty  rooting  slate  shantit's  of  Chapman  Slate  Compan.w 

0.  WAttXER  gCABBY. 

About  due  east  of  the  Keystone  (luari'y  1,000  feet,  and  east  of  the 
railroad  is  the  Wao-uer  quarry,  a small  cut,  30  feet  s((uare  aud  proliahly 
25  feet  deep.  The  heddiu"  is  not  diseeruiltle : eleavao-e  strikes  X.  70°E., 
dips  23°S. 

This  opening’  was  clearly  otdy  a prospect. 
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10.— 11.  FISHER  NOS.  1 AND  2 QUARRIES. 

These  two  quarries  are  about  300  feet  apart.  The  soutli  opening-  is 
500  feet  N.50°E.  from  the  church  in  tlie  tOAvn  of  Chapman.  It  is 
about  35  by  50  feet  in  size  and  prol>ably  35  feet  deep ; 20  feet  of  slate 
show  above  Avater  level  i-n  the  Avails.  The  beds  stril^e  approximately 
N.65°E.,  dip  vAdiile  the  cleavage  appeal’s  to  strike  parallel  A\dth 

the  beds  and  dips  15°S.  Grain  trends  X.35°W. 

The  larger  opening  is  across  the  stream,  nortliAvest  from  the  quarry 
just  described.  It  is  roughly  triangular  in  general  form,  but  has 
numerous  reentrants  and  projections  in  the  Avails.  The  depth  is 
probably  60  feet,  but  AA’ater  rises  to  Avithin  20  feet  of  the  surface.  The 
beds  strike  N.75°E.,  and  dip  15°N. ; cleavage  strikes  about  due  east, 
dijis  11°8.  The  grain  trends  N.50°W.  Numerous  joints  are  ob- 
sei'A’ed,  falling  into  tAA’o  sets,  one  striking  N.0-15°E.,  dipping  50°E., 
the  other  striking  N.65°E.,  dipping  70°S.  These  joint  systems  closely 
resemble  those  of  the  surface  and  deepest  levels  of  the  Chapman 
quarry. 

The  tAvo  openings  Avere  shut  doAvn  about  1880,  the  smaller,  south 
quarry  being  the  last  abandoned. 

12.— 13.  LILLY  NOiS.  1 AND  2 QUARRIES. 

These  tAvo  openings  are  300  feet  apart  and  in  the  valley  of  the 
east  fork  of  the  small  stream  that  floAvs  through  the  Chapman  quarry. 
Both  are  small,  the  northerly  being  60  feet  square,  the  other  100  by  25 
feet  in  size.  No  great  depths  Avere  reached.  The  north  opening 
shoAvs  no  slate  above  the  Avater,  but  the  southern  hole  exposes  bed 
rock  near  the  north  corner.  Here  the  beds  strike  N.67°E.,  diji  37°N. ; 
cleaA’age  strikes  N.78°E.,  dips  10°S.  The  grain  trends  N.33°W.  Promi- 
nent joints  strike  N.70°E.,  and  are  A’ertical. 

The  slate  produced  is  typical  of  the  hard  belt.  That  seen  on  the 
dump  has  someAidiat  feAver  “ribbons”  than  usual,  and  good  cleavage, 
but  bears  closely  spaced,  ealcite-filled  joints. 

These  quarries  AA’ere  abandoned  in  1875  or  earlier.  The  south  quarry 
Avas  the  last  Avorked. 


14.  FISHER  NO.  3 QUARRY. 

This  small  opejiing  lies  at  the  fork  of  the  little  creek  tliat  floAA’s 
through  the  Chapman  quarry.  It  is  50  by  40  feet  in  size  and  probably 
20  feet  deep.  Water  iioav  fills  the  quarry.  No  slate  is  seen  in  place. 
To  the  south  there  is  a small  dump.  The  quarry  Avas  abandoned  about 
45  years  ago. 

1.0.  QUARRY. 

This  old,  long  abandoned  opening  is  just  east  of  the  railroad  and 
Yo  mile  north  of  the  Chapman  station.  It  is  200  hy  30  feet  in  size 
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and  rectangular.  Tlie  de])tli  is  not  knoMui.  Xo  slate  is  seen  above 
the  level  of  the  Avater  Avhich  fills  the  hole. 

lU.  AIAPCII  CHUNK  QTUVKKY. 

Directly  east  of  the  station  at  Chapman,  on  the  east  side  of  Monocacy 
Creek,  is  a cpiarry  about  250  feet  scjuare.  This  old  opening  has  an 
extensXe  dump  to  the  south  but  no  slate  is  seen  in  place.  Sanders”” 
gh'es  the  dip  as  A^ertical,  the  cleavage  as  striking  X.50°E.,  dipping 
22°S.  At  depth  the  cleavage  is  said  to  have  been  irregular. 

Operations  ceased  before  1880,  evidently  even  before  1878,  for 
Sanders  speaks  of  the  quarry  as  fidl  of  water. 

17.  CHAP:MAN  superior  QUARRY. 

This  moderately  large  hole  lies  X.80°E.,  5,000  feet  from  the  Cha]i- 
man  quarry  and  about  3,000  feet  X.40°E.  from  the  Siegfried  school, 
in  a valley  that  leads  to  the  east  branch  of  Monocaey  Creek.  The 
opening  is  150  feet  square,  and  is  said  to  be  125  feet  deep.  Water 
now  fills  it.  The  beds  appear  to  dip  gently  north,  and  the  cleavage 
strikes  approximately  due  east,  dips  20 °S. 

A large  duni]i  to  the  east  shoAVS  .slate  much  decayed,  Avith  closely 
spaced  “ribbons.”  Tavo  masts  .still  stand  on  the  dump.  The  (piarry 
AAMS  shut  doAvn  in  1911,  according  to  reports. 

18.  El)  SMITH  QUARRY. 

The  Ed  Smith  quarry  is  a small  opening,  al)out  40  feet  square, 
1,200  feet  east  of  the  Siegfried  school.  It  is  filled  Avith  Avater.  A 
little  “ribboned”  slate  forms  a clump  on  the  northeast  side,  but  no 
rock  is  seen  in  place.  This  is  clearly  only  a prospect  hole. 

11).  HAGENP.USCH  QUARRY. 

In  the  valley  of  the  east  branch  of  the  IMonocacy,  about  1^2  miles 
east  of  the  Warren  school,  is  the  old  Ilagenbusch  quarry,  on  the 
property  of  Mr.  Clinton  Ilagenbusch  of  Xazareth,  Pa.  The  hole  is 
90  by  40  feet  in  areal  dimensions  and  roughly  triangular.  Its  depth 
is  estimated  as  50  feet.  Xo  slate  sIioavs  above  the  Avater  Avith  Avhich 
the  quarry  is  filled,  but  the  dump  on  the  southeast  side  bears  blocks  of 
closely  “ribboned”  hard  slate,  not  heavily  rusted  nor  unduly  decayed. 
Quartz  veinlets  and  a little  pyrite  are  seen  in  some  of  the  blocks.  X'o 
machinery  remains  on  the  duni]). 

20.  TURNER  QUARRY. 

The  Turner  quarry  is  in  the  .stream  bottom,  1,000  feet  south  of  the 
Keading  quarry.  It  is  60  by  80  feet  in  size.  The  depth  is  not  knoAvn,  but 
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is  probably  at  least  60  feet,  as  a large  dump  lies  south  of  the  opening. 
A little  slate  sho'ws  above  the  water,  but  the  bedding  is  not  recogniz- 
able; the  cleavage  strikes  N.70°W.,  dips  15°S. 

The  slate  on  the  dump  is  rusted  on  the  “ribbons.”  The  beds  are 
somewhat  thicker  than  is  usual  in  the  hard  belt. 

This  opening  has  been  long  abandoned.  Xo  machinery  remains 
on  the  dump. 

21.  READING  QUARRY. 

The  Reading  quarry  is  600  feet  downstream  from  the  Hagenbuseh 
quanw  and  occupies  the  southeast  angle  at  a road  intersection  V/o 
miles  east  of  the  Chajnnan  quarry.  The  hole  is  filled  ivitli  water  to 
Avithin  20  feet  of  the  bed  rock  surface.  It  is  estimated  to  be  60  feet 
deep.  In  ground  plan  it  is  triangular,  the  “base”  of  the  “triangle” 
trending  about  due  east  and  being  200  feet  long,  the  “altitude”  about 
150  feet. 

In  the  northeast  Avail  the  cleaA'age  strikes  N.80°E.,  dips  30°S. ; bed- 
ding strikes  X'.85°W..  dips  12°S.  The  bedding  dip  in  the  bottom  is 
said  to  be  close  to  30°.  The  slate  on  the  dump  is  of  good  quality. 

Several  joints  striking  N.85°E.  and  vertical  are  conspicuous  in  the 
Avails. 

This  quarry  Avas  operated  at  inteiwals  u])  to  1893. 

22.  :magee  quarry. 

This  is  the  Avestern  of  tvAm  openings  that  are  immediately  northeast 
of  the  higliAvay  three-quarters  of  a mile  N.60°E.  from  Danner.sville, 
and  half  a mile  nortlnvest  of  the  Steckel  quarries.  The  Magee  quarry 
measures  about  70  by  85  feet  and  is  irregular  in  outline.  The  prob- 
able depth  is  50  feet. 

Typical  hard  slate  is  exposed.  The  beds  strike  X^.35°E.,  dip  28°S. 
CleaA'age  strikes  N.70°E.,  dips  15°S.  Grain  trends  N.45°W.  Con- 
spicuous vertical  joints  strike  N.75-80°E. 

The  quarry  Avas  opened  in  1866  by  a Mr.  Magee  of  Easton,  Avith 
whom  were  associated  others  of  Easton  and  Bethlehem.  Lease  and 
operations  Avere  abandoned  in  1872  and  the  quarry  has  not  been 
Avorked  since. 

The  product  Avas  roofing  slate. 

2;i.  RIPPON  AND  WOLLE  QUARRY. 

This  lies  150  feef  east  of  the  Magee  quarry  and  directly  across  the 
stream.  It  is  a sidicircidar  hole,  about  60  feet  in  diameter  and  having 
a dc])th  of  40  feet.  Along  the  northeast  Avail,  under  an  OA'erburden  of 
AA'eathered  slate,  the  beds,  some  of  Avhicb  are  hei-e  as  much  as  6 inches 
thick,  curve  around  the  axis  of  an  anticline  that  Avas  OATrturned  north- 
Avard;  the  axis  dips  15°8.  The  cleavage  strikes  X.75°E.,  dips  7°S. 
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The  grain  trends  X.40°'\V.  Two  northeast-striking,  vertical  joints  are 
seen. 

On  the  dnmji  a few  old  pipes  and  a boiler  remain.  The  ((narry  was 
opened  in  1885  by  Richard  Rippon  and  Clarence  Wolle.  Several 
thousand  squares  of  good  slate  were  ])roduced.  The  ])roperty  belongs 
to  Mr.  Clarence  A.  Wolle  of  P)ethleheni. 

24.  SCIILE(iI4L  (n'ARRY. 

A small  opening  is  on  the  south  side  of  the  road,  east  of  the  Schlegel 
house,  and  south  of  the  iMagee  quarry,  on  the  property  of  i\Ir.  W.  II. 
Schlegel.  Xo  slate  is  seen  in  i>lace,  the  pit  being  filled  with  water. 

2.4.— 2G.  STECKEL  NO.  1 AND  NO.  2 QUARRIES. 

Immediately  east  of  the  road  2 miles  northwest  from  Rath  on  a 
small  headwater  of  the  Monocacy,  are  two  quarries  only  20  feet  apart. 
The  northern  opening  is  irregular  in  shape,  with  maximum  dimen- 
sions of  110  by  115  feet.  Only  about  8 feet  of  rock  are  visible  above 
the  water  which  fills  the  quarry.  The  dump  is  between  the  road  aud 
the  opening.  The  slate  is  typical  hard  slate.  The  beds  strike  X..35°E., 
dip  57°X..  and  the  cleavage  strike  is  X'.55°E.,  the  dip  11° S.  The 
grain  trends  X.30-.37°AV. 

The  southern  opening  is  rectangular  and  is  100  by  110  feet.  Here, 
beneath  a maximum  overburden  of  a foot  of  weathered  slate,  the 
beds  strike  X.35°E..  but  dip  southeast,  apparently  being  south  of  an 
emerging  synclinal  axis  of  which  the  axial  plane  dips  south. 

These  quarries  are  on  the  Steckel  estate  and  have  not  been  operated 
since  1870,  according  to  iMr.  William  Smith  of  Chapman. 

27.  DICK  QUARRY. 

The  Dick  quarry  is  a small  opening  about  l^o  miles  north  of 
Bath,  on  the  road  leading  to  the  Steckel  quarries  (X'os.  25  and  26), 
and  east  of  the  stream.  It  is  about  20  by  30  feet  in  size  and  15 
feet  deep  at  most.  A little  slate  shows  in  the  northeast  wall. 

This  prospect  was  opened  about  10  years  ago  by  Charley  Dick. 

28.  QUARRY. 

Approximately  1,800  feet  south  of  the  station  at  Chapman,  just 
west  of  the  railroad  aud  in  the  valley  of  Alonocacy  Creek,  is  an 
old  quarry.  It  is  about  150  by  60  feet  in  ground  plan.  The  depth 
is  at  least  50  feet,  but  water  now  fills  the  opening.  A large  dump 
is  situated  to  the  south. 

Xear  the  north  corner  “ribboned”  hard  .slate  is  exposed,  the  beds 
striking  X'.55°E.,  and  dipping  65°S.,  whereas  the  cleavage  strikes 
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X.60°E.,  dips  13°S.  Grain  trends  X.33°W.,  dips  75°W.  The  opening 
is  on  tlie  nipper  limb  of  a nortlnvard  overturned  anticline. 

This  quarry  must  have  been  abandoned  at  least  50  years  ago. 

29.  RHYMER  QUARRY. 

This  is  a prospect,  20  by  30  feet  in  area  and  about  15  feet  deep, 
V/4  miles  X".40°W.  of  the  Bath  railroad  station.  It  is  situated  in 
the  bed  of  Monocacy  Creek  and  is  filled  with  water.  In  the  bottom 
of  the  stream  nearby  the  slate  strikes  X.50°E.,  dips  60°S.,  and  cleav- 
age strikes  X.63°E.,  dipping  20°S. 

This  opening  was  made  about  1895. 

.30.  QUARRY. 

Al)out  600  feet  due  north  of  the  Roth  quarry,  in  the  valley  of  a small 
stream,  is  a cut  about  35  by  35  feet  and  probably  25  feet  deep.  The 
bedding  is  not  recognizable,  but  the  cleavage  dips  gently  south  and 
the  grain  trends  X.  53°W.  This  opening,  abandoned  50  years  ago, 
yielded  roofing  slate  for  nearby  houses. 

31.  ROTH  QUARRY. 

About  one  mile  X^.70°AV.  of  the  Bath  railroad  station  is  a school- 
house,  approached  by  a road  leading  westAvard.  Some  800  feet  east 
of  this  school  is  a small  opening  lying  south  of  the  road.  This  is 
40  by  15  feet  in  ground  plan,  and  25  feet  deep  to  Avater  level  at  the 
south  end.  About  10  feet  aboAT  the  AA’ater  is  a cleavage  slip  plane, 
partially  filled  Avith  quartz  and  calcite.  Good  slate  probably  came 
from  this  opening. 

Quarrying  Avas  begun  here  by  Joseph  Roth.  Operations  ceased 
about  50  years  ago. 

32.  ACHENBACH  QUARRY. 

This  is  located  about  one  mile  north  of  Bath,  on  the  Chapman  road. 
It  is  a roughly  rectangular  opening,  measuring  70  by  160  feet  in 
ground  plan,  betAveen  the  road  and  Monocacy  Creek.  Its  depth  is 
about  45  feet,  but  Avater  fills  the  opening.  A dump  lies  southAvest  of 
the  quarry. 

Along  the  east  side  the  overburden  of  clay  and  slate  chips  is  7 feet 
thick.  Xo  slate  occurs  in  place  above  Avater  level. 

The  slate  quarried  Avas  of  a fair  grade,  but  core  drilling  reATaled 
“crooked”  slate  at  depths  of  13,  38,  and  60  feet,  the  cleavage  planes 
being  Avarped.  These  obserAmtions,  made  by  B.  L.  Miller,  suggest  the 
presence  of  cleavage  slips  in  the  openings,  similar  to  those  seen  at  the 
Belfast  and  Edelmans  ciuarries. 

The  quarry  Avas  operated  from  1914  until  about  1916,  producing 
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roug’lily  280  squares  of  roofing-  slate  in  1014,  the  only  year  for  ■\vhidi 
figures  are  available. 

The  quarry  is  nov  abandoned  and  no  niaehinery  remains.  It  vas 
opened  by  a i\Ir.  Achenbaeli  of  Ifatb,  in  partnership  Avith  some  Xew 
York  business  men. 


3;!.  FLEISCiniAX  (JUAIiRY. 

This  small  opening,  60  liy  40  feet  and  about  60  feet  deep,  is  on 
the  Avest  bank  of  the  stream,  800  feet  Avest  of  the  Daniels  quarry. 
About  25  feet  of  slate  shoAV  on  the  Avest  side. 

The  beds  appear  to  strike  X.70°E.,  dip  17°S.,  but  are  not  clearly 
shoAvn.  The  cleavage  on  the  Avest  Avail  is  eurA'ed ; it  strikes  X.70°E., 
dips  8°S.  The  strata  are  thus  on  the  north  limb  of  a nortlnvard 
OA'erturned  anticline. 

The  slaty  cleavage  is  exceedingly  rough  and  irregnlar,  and  false 
cleaA-age,  striking  parallel  Avith  the  slaty  cleaA’age  and  dipping  A'ertic- 
ally,  is  seen.  The  grain  trends  N.37.W.,  and  is  vertical.  Several 
Avell-marked  joints  strike  X.65-75°E.,  dip  A-ertically. 

This  quarry  AA'as  operated  about  1910  by  a Mr.  Fleischmau.  On  the 
dump  to  the  east  a block  and  tackle  and  mast,  as  Avell  as  tAVO  shanties, 
are  .still  to  be  seen. 

34.  DAXIELS  QUARRY. 

The  Daniels  quarry  is  about  % of  a mile  X.60°E.  from  the  Pen 
Allen  Cement  Company  plant,  betAveen  Bath  and  Xazareth.  It 
measures  70  by  225  feet,  the  larger  dimension  extending  X.65°E.;  20 
feet  of  slate  shoAV  aboA-e  Avater  level  and  the  opening  is  estimated 
to  be  60  feet  deep.  The  slate  chips  on  the  dump  have  a good  ring 
and  do  not  “rust”  lieaA'ily.  The  bedding  is  not  clearly  Ausible,  but 
there  is  some  suggestion  of  close  folding  in  the  Avails.  The  cleaA'age 
strikes  X.65°E.,  dips  11°S. 

Slate  AA'as  quarried  here  in  1878.  More  recently  the  quarry  has 
been  used  as  a reservoir  by  the  Dexter  Cement  Company,  Avhich  OAvns 
the  land. 


35.  R.ADER  QUARRY. 

The  quarry  Avas  on  the  farm  of  Mr.  Joe  Bader,  about  seven-tenths 
of  a mile  south  of  the  AVarren  school.  Only  the  dump  is  still  to  be 
seen,  the  quarry  being  tilled.  A little  slate  outcrops  along  the  stream 
nearby,  striking  X.80°AV.,  dipping  20°X. ; the  cleavage  sti-ikes  X.15° 
E.,  dips  15°S.  Typical  “ribboned”  slate  is  on  the  dump. 

The  opening  Avas  abandoned  in  1900.  It  Avas  made  by  a Air.  Soldt 
and  then  passed  into  the  hands  of  the  operators  of  the  Ziegenfuss 
quarry.  Upon  the  acquisition  of  the  property  by  Air.  Bader,  (piarry- 
ing  Avas  discontinued  and  the  hole  filled. 
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3G.  ROON  QUARRY. 

Tlie  old  Koon  (luarry  is  1.3  miles  soutliAvest  of  the  Mill  Grove 
school  in  the  stream  valley,  not  far  from  the  tracks  of  the  Nazaretli 
branch  of  the  Lehigli  & New  England  Railroad.  The  opening  is  rec- 
tangnlar,  measuring  105  by  45  feet,  and  is  probably  about  60  feet 
deep,  the  upper  10  feet  showing  above  the  water  which  fills  the  cpiarry. 
Waste  slate  is  scattered  about  the  hole. 

The  typical  hard  belt  slate  beds  strike  N.58°E.,  dip  4°S.,  whereas 
the  cleavage  strikes  N.65°E.,  dips  15°S.  Grain  trends  N.35°W.  Con- 
spicnons  vertical  joints  seen  in  the  south  wall  strike  X.50°E 

The  0]iening  is  on  the  property  of  Edward  Roon. 

37.  HAYER  QUARRY. 

This  o])ening  lies  1,500  feet  east  of  that  last  described.  It  is  virtually 
rectangular,  small,  and  probably  about  70  feet  deep.  Some  15  feet 
of  .slate  are  visible  above  water  level  on  the  northwest  side.  There 
is  no  overburden.  A dump,  with  a small  amount  of  slate  on  it,  is 
west  of  the  opening. 

The  slate  exposed  is  typically  “ribboned”  hard  slate.  In  the  south 
corner  the  beds  strike  N.10°E.,  dip  37°N.,  whereas  the  cleavage  strikes 
X.60°E.,  dips  18°S.,  and  the  grain  trends  X.38°W.  The  structure 
is  thus  the  south  limb  of  a northward  overturned  anticline  pitching 
Avestward,  or,  to  put  it  differently,  Avith  the  axis  SAA'erving  as  it  ex- 
tends Avest. 

The  joints  observed  strike  X.55°E.,  dip  60°S. 

The  quarry,  according  to  Mr.  Rader,  Avas  last  operated  about  1915, 
and  probably  Avas  opened  5 years  earlier.  The  slate  has  curly  cleaA^- 
age ; the  material  on  the  dump  rings  aatII. 

One  ma.st  is  .still  standing,  as  Avell  as  a hoist  house.  The  quarry  is 
on  the  property  of  Mr.  Israel  Ilayer. 

38.  QUARRY. 

About  three-quarters  of  a mile  doAA'n  the  Bushkill  from  the  Center 
school  and  about  2.5  miles  directly  south  of  Knechts,  on  the  east  side 
of  the  creek  and  road,  is  a large  opening  in  the  hard  slate.  It 
measures  250  feet  X.82°E.,  by  100  feet  X.10°AV.  Its  depth  is  not 
known,  hut  a large  dump  is  south  of  it.  Xo  slate  shows  above  the 
surface,  hence  no  obseiwations  could  he  made  as  to  the  structure. 

The  quarry  is  AAuthin  an  enclosure  built  around  the  transforming 
station  of  the  Pennsylvania  Poaati’  and  Light  Company. 

SeomsA’ille  Group 

su:mmary. 

The  quarries  of  the  SeemsAuHe  group  are  opened  along  Catasauqua 
Creek,  east  and  south  of  Seemsville.  Slate  produced  could  best  be 
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shipped  through  Bath  and  from  that  town,  also,  supplies  and  labor 
woidd  normally  be  obtained  Avhen  the  quarries  were  being  ojierated. 

The  beds  opened  are  in  the  loAver  part  of  the  hard  belt,  the  lowest 
subdivision  of  the  Martinsburg.  The  rock  is  typical  hard  slate, 
though  in  a few  of  the  openings  the  “ribbons”  must  have  been 
unusually  thick.  The  quarries  are  so  largely  filled  Avith  Avater 
that  structural  determinations  are  difficult,  but  the  usual  close  fold- 
ing of  thinly  bedded  slate  is  in  evidence.  Bedding  and  cleavage  strikes 
are  generally  X.60-70°E.,  though  in  some  quarries,  such  as  the  IMiller 
opening,  they  assume  a nortlnvest  direction.  Most  of  the  prominent 
joints  have  a northeast  strike. 

Of  these  openings,  the  Koch,  Ziegenfuss,  and  IMiller  quarries  repre- 
sent fairly  extensh'e  operations.  All  have  been  abandoned  for  the 
last  20  years.  The  ]U‘oducts  Avere  mainly  roofing  slate.  Avith  smaller 
A’alues  of  slabs,  fence  posts,  and  grave  vaults. 

1.  KOCH  QrAKKY. 

This  large  opening,  250  by  100  feet  in  size,  is  just  noibh  of  the 
road  Avhere  the  latter  crosses  the  fork  formed  by  the  union  of  the 
tAvo  heads  of  Catasauqua  Creek,  three-quarters  of  a mile  southeast 
of  Seemsville.  The  estimated  depth  is  about  100  feet,  but  the  open- 
ing is  noAV  so  full  of  Avater  that  only  on  the  north  side,  Avhere  the 
wall  rises  30  feet  above  the  Avater  level,  can  slate  be  studied.  Here 
the  bedding  strikes  X.55-60°E.,  dips  17°X. ; the  cleavage  is  horizontal, 
Grain  trends  X’.47°W.,  and  is  A'ertical.  One  joint,  striking  X".58°E. 
and  dipping  40°8..  is  in  the  nortlnvest  Avail  of  the  opening.  Seven 
other  Avell-marked  joint  planes  are  obseiwed  to  strike  X".70-S0°E.,  Avith 
dips  of  70-90° S. 

The  beds  in  Avliich  the  quarry  is  cut  are  probably  apj)roximately 
the  same  as  in  the  Ziegenfuss  quarry  (X"umber  3,  b('loAv). 

The  quarry  Avas  already  abandoned  in  1878,  at  the  time  of 
Sanders’  suiwey^-®. 

2.  QUARRY. 

On  the  east  bank  in  the  A'alley  of  Catasauqua  Creek,  lY-2  miles 
north  of  AA'here  the  stream  is  crossed  by  the  WeaA’ersA'ille-IIoAvertoAvn 
pike,  is  a dump  shoAving  typical  hard  slate.  A small  hole,  aiqtarently 
a long  abandoned  quarry,  is  situated  on  the  Avest  bank  of  the  stream, 
directly  opi)osite  the  Avaste  pile  mentioned.  X’o  slate  is  A'isible  above 
water  level. 

a.  ZIEGENFUSS  OUARHtY. 

This  irregularly  shaped  opening  is  1,000  feet  X.50°E.  from  the 
Koch  quarry.  It  is  about  120  by  120  feet  in  maximum  dimensions, 
but  the  sides  are  so  irregular,  Avith  numerous  reentrants,  that  the 
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shape  in  gTonnd  plan  is  not  describable.  The  deptli  is  said  to  be 
100  feet,  but  the  opening  is  largely  filled  with  water.  Slate  can  be 
seen  in  the  Avails  on  all  sides. 

The  beds  are  typical  hard  slate,  fairly  free  of  “ribbons.”  No 
rusting  is  seen,  nor  any  quartz  or  ealeite,  except  as  mentioned  beloAV. 
The  slate  quarried  appears  to  hawe  been  of  high  quality.  The  bed- 
ding is  only  faintly  indicated,  and  there  is  a suggestion  of  a gentle 
southeast  dip,  jn-obably  on  the  loAver  limb  of  a nortliAvard  OATrturned 
anticline  Avith  horizontal  axial  plane.  The  strike  of  the  beds  is  N.30- 
35°E.,  and  the  dip  35-55°S. 

Cleavage  strikes  N.35-75°A¥.,  dips  6-10°S.,  but  these  observations 
are  poor.  It  is  curA’ed  locally,  proving  its  deformation  after  de- 
velopment. The  grain  strikes  N.38-55°W.,  and  stands  A’crtical.  The 
joints  are  irregular  and  in  a measure  determine  the  form  of  the 
opening. 

A striking  feature  is  a quartz  stringer  AA’hich  runs  in  a plane 
parallel  Avith  the  cleavage  along  the  entire  northeast  Avail  of  the 
opening. 

The  quarry  Avas  operated  until  about  20  years  ago,  Avhen  it  became 
difficult  to  obtain  laborers.  No  machinery  remains  on  the  dump. 

4.-5.  QTLAIIKIES. 

These  tAvo  small  ])rosiieet  pits  are  located  on  the  south  bank  of  the 
east  fork  of  Catasauqua  Creek,  about  1,500  feet  east  of  the  Ziegenfuss 
quarry.  No  bed  rock  can  be  seen  ; a fcAV  small  chips  of  hard  slate 
are  scattered  near  the  openings. 

G.  MILLER  quarry. 

This  opening  is  400  feet  south  of  the  road,  opposite  the  Miller  No.  2 
pit  and  in  the  same  Amlley.  It  is  a large  opening,  trapezoidal  in  form 
and  Avith  maximum  dimensions  of  220  and  270  feet.  A slight  thick- 
ness of  slate  shoAVs  in  the  Avails  of  the  quarry,  but  water  conceals  the 
true  depth. 

The  beds  in  this  opening  strike  N.65°W.,  dip  35-75°S.,  the  dip  in- 
creasing southward.  The  cleavage  has  a similar  strike,  dips  15° S. 
Prominent  joints  in  the  east  corner  strike  N.80°E.,  dip  67°N. 

The  slate  seen  on  the  dump  has  a good  ring,  closely  spaced  “rib- 
bons,” and  a someAvhat  sandy  texture  for  the  most  part.  Surfaces  of 
blocks  shoAV  pa])ery  exfoliation. 

This  is  knoAvn  as  the  Miller  quarry.  It  Avas  operated  last  by  Mr. 
Theo.  Whitesell  of  Easton  and  Belfast,  about  25  years  ago.  It  is 
described  by  Sanders’^C  ''^ho  speaks  of  it  as  being  operated  at  the 
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time  of  his  visit.  At  tliat  time  it  Avas  called  the  Chester  Comity 
quarry. 

7.  :MILI.EK  no.  2 QUARRY. 

One  mile  due  south  of  Dannersville  one  of  the  lieadAvaters  of 
Cata.sauqua  Creek  is  crossed  by  a nortlnve.st-\vard  road.  About  300  feet 
north  of  this  road  and  in  the  stream  valley  is  situated  a small  rec- 
tangular opening'  40  feet  long  and  30  feet  vide,  estmated  to  he  40 
feet  deep,  and  vith  a small  duni]).  The  vater  level  rises  to  the  sur- 
face. 

The  slate  on  the  dump  and  in  the  quarry  vails  has  very  good 
cleavage,  but  veathers  readily  and  gives  a ]iapery  effect,  separate  thin 
cleavage  flakes  rising  above  the  piece  as  decay  sets  in,  the  vhole 
suggesting  exfoliation. 

This  hole  vas  opened  about  50  years  ago.  It  yielded  some  slate  that 
vas  ground  for  paint,  but  the  production  vas  never  important. 

TECTIXOLOGY,  PKODTATIOX,  AXD  HISTORY  OF  THE 

QUARRIES. 

TECHNOLOGY  OF  SL.YTE. 

OUAItRY  PRACTICE. 

The  technology  of  .slate  has  been  discussed  in  much  detail  by 
Bovles^--.  The  practice  in  the  XYrthampton  quarries  and  mills  may 
be  briefly  summarized  here. 

The  methods  used  in  the  hard  and  soft  belts  are  nearly  identical, 
and  they  are  described  together. 

Form  of  quarries — In  Northampton  County,  the  generally  steep 
dip  of  the  beds  encourages  the  opening  of  deep  (piarries.  This  is 
especially  true  at  AYind  Gap  and  Pen  Argyl,  for  the  beds  here  maintain 
an  almost  vertical  position.  At  Bangor  the  openings  have  a larger 
surface  area  and  are  not  generally  carried  to  as  great  de]>th  as  at 
Pen  Argyl.  In  the  hard  belt  the  quarries  are  generally  shallov  in 
comparison  vith  those  in  the  soft  slate. 

The  greatest  depth  is  attained  in  the  Parsons  quarry  at  Pen  Argyl 
Avhieh,  in  the  summer  of  1923,  vas  530  feet  deep  in  the  Invest  level. 
The  Albion  Yein  quarry  at  Pen  Argyl  is  slightly  shallover,  having- 
a depth  of  500  feet  in  1923.  The  X'orth  Bangor  and  Bangor  Central 
quarries,  the  deepest  nov  being  operated  at  Bangor,  both  measured, 
in  1923,  330  feet  from  surface  to  Invest  level.  The  quarries  of  the 
hard  belt  are  intermediate  in  depth  betveen  those  at  Bangor  and 
those  at  Pen  Argyl. 

The  quarrymen  designate  the  several  levels  from  vhich  slate  is 
being  taken  as  “pieces.”  Most  of  the  quarries,  unless  irregular  in 
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shape  because  of  unusual  joints  in  the  slate,  have  two  opposite  sides 
parallel  and  trending  northwest;  these  are  spoken  of  as  the  “sides” 
of  tlie  cpiarry.  The  northwestern  wall  is  the  “l)ack”  and  the  south- 
eastern the  “front”  of  the  opening. 

Xo  slate  is  being  mined  by  underground  methods  in  Northampton 
County. 

Stripping. — As  the  quarry  is  extended  in  any  direction  horizontally 
the  overburden  is  removed  either  by  hand,  or  more  commonly,  by 
steam  shovel.  Not  infrequently  a track  is  laid  from  the  shovel  to 
some  place  farther  from  the  quarry  operations,  and  cable-hauled 
trams  are  used  to  carry  away  the  stripped  glacial  debris  or  waste 
slate.  In  many  places,  as  in  the  Jackson  Bangor  No.  2 quarry,  at 
Pen  Argyl,  anl  in  the  Columbia  Bangor,  Bangor  Washington,  and 
Bangor  Union  openings,  the  waste  is  thrown  into  a part  of  the  quarry 
which  has  been  abandoned  (See  Plate  XXI,  B).  This  is  wise  only 
if  there  is  no  doubt  Avhatever  that  such  abandonment  is  to  be 
permanent. 

Drilling. — Drilling  is  now  carried  on  almost  Avholly  by  machine 
drill,  compressed  air  being  the  power  employed.  Although  it  ex- 
pedites quarrying,  drilling  is  likely  to  shatter  the  slate  someAvhat,  so 
that  it  is  customary  to  drill  into  the  less  valuable  beds. 

Bla.sfing. — In  the  past,  blasting  has  been  resorted  to  more  than  now. 
It  is  finding  less  favor  as  time  goes  on.  Dynamite  and  hand  firing 
are  most  usual.  Blasting  as  a general  practice  has  been  severely  con- 
demned by  BoAvles’-^  because  it  shatters  the  slate  and  breaks  it  into 
splintered  fragments.  The  contrast  between  blasted  and  channeled 
Avails  is  shoAvn  in  Plate  XXV,  A. 

Channeling. — Channeling  machines  are  being  substituted  for  cruder 
methods  in  cutting  the  slate  aAvay  from  the  sides  of  the  quarry.  The 
track  channeler  is  uoav  in  general  use.  It  shatters  the  slate  for  some 
distance  from  the  channel  cut,  but  is  otherAvise  generally  satisfactory. 

The  use  of  the  channeling  machine  de])ends  not  only  on  the  struc- 
ture of  the  slate  but  also  on  its  resilience  or  toughness.  Quarrymen 
assert  that  the  slate  in  the  Bangor  beds  is  fractured  over  a far 
smaller  area  adjacent  to  the  channeler  than  in  the  Pen  Argyl  beds, 
and  that  in  the  latter  the  slate  of  the  Diamond  “run”  is  more  heavily 
shattered  than  that  in  the  Albion  “run.” 

Drilling  and  hroaching. — In  the  last  tAA’o  years,  Bowles  has  ad- 
A’oeated  a return  to  the  older  method  of  drilling  and  broaching, 
especially  in  those  quarries  Avhere  the  slate  is  very  brittle  or  “tender,” 

i-'Miowk'S.  Oliver:  Op,  cit..  p.  30. 


QUAKK Y PK ACT  1 CE 


and  where  the  loss  through  shattering  consequent  upon  the  use  of 
channeling  machines  is  excessive’ 

“For  this  purpose  the  drill  is  mounted  on  ‘quarry  bars,’  two  heavy 
pipes,  one  above  the  other,  mounted  on  a wooden  frame.  The  drill 
mounting  holds  the  drill  exactly  vertical  and  as  it  may  be  slid 
back  and  forth  on  the  bars,  a line  of  holes  S to  10  feet  in  lengdli 
may  be  drilled  from  one  position  of  the  bars.  The  holes  are  drilled 
8 to  10  feet  deep  and  as  close  together  as  can  be  conveniently  ac- 
complished without  a tendency  for  the  drill  to  run  into  the  adjacent 
hole.  Cores  % to  1 inch  wide  at  the  top  are  usually  left  between 
the  holes,  but  the  cores  are  Avider  at  the  bottom  as  the  drill  loses 
gage  Avith  depth.”  “In  the  case  of  the  Xew  Diamond  quarry,  the  cores 
Avere  2%  inches  wide.  As  each  hole  is  completed  a Avooden  plug 
is  drAen  to  keep  it  free  of  cuttings.  The  cores  are  cut  out  in  a 
subsequent  operation  AA’ith  a broaching  tool.”  This  method  appears 
Avell  adapted  to  the  Pen  Argyl  beds,  especially  to  those  aboA’e  the 
Albion  “run”;  in  the  tough  slate  of  the  Bangor  beds  it  seems  to 
be  unnecessary.  A photograph  of  a broaching  bar  is  shoAvn  in  Plate 
XXXIV,  A. 

Removing  hJocks. — Although  the  methods  used  in  removing  slate 
from  the  floor  of  the  c^uarry  A'ary  greatly  according  to  the  structure 
of  the  slate  and  the  predilection  of  the  operators,  the  general  plan 
may  be  outlined.  (dperations  first  lay  bare  the  cleaA’age  .surface 
that  forms  the  bottom  or  floor  of  the  opening.  In  the  cpiarries 
of  Northampton  County  the  floor  generally  slopes  soutliAvard  at  angles 
not  exceeding  25°  ; rarely  it  is  horizontal. 

Slate  is  noAv  remoA’ed  from  one  corner  or  part  of  the  quarry  to 
furnish  a more  or  less  A’ertical  face,  the  ‘‘key”  face,  by  means  of 
Avhich  the  rest  of  the  slate  making  up  the  floor  can  be  attacked. 
A channeling  machine  or  drilling  and  broaching  device  is  nOAV  used, 
or  a series  of  holes  is  drilled  and  a charge  tired  so  as  to  break  the 
slate  parallel  AA’ith  the  grain  direction  and  along  the  side  Avail  of  the 
quarry.  A channel  cut  is  then  made  approximately  at  right  angles 
to  this  line  of  fracture.  Another  fracture  is  induced  along  the  grain, 
but  far  enough  aAvay  from  the  first  to  gAe  the  desired  Avidth  to 
the  slab.  There  is  noAV  a Avell-defined  rhombic  block,  three  sides 
of  which  are  bounded  by  the  fractures  described  aliove,  and  the  fourth 
by  the  A’ertical  “key”  face. 

Next,  a series  of  holes  is  drilled  into  the  “key”  face  in  such  a 
Avay  that  all  holes  lie  in  the  same  cleavage  plane.  A light  charge 
of  pOAvder  is  exploded  in  these  holes,  to  free  the  surface  slate  from 
that  beloAv  the  holes.  A more  or  less  rhomboid  block  Is  thus  freed. 


Bowies,  Oliver.  Technical  progress  in  slate  mining:  Eng.  and  Min.  Jour. -Press,  vol.  117, 

pp.  60(i-7.  1924.  More  recently  experimental  work  has  been  carried  on  by  the  V.  S. 
Bureau  of  Mines,  looking  toward  the  utilization  of  a wire  saw  for  cutting  quarry  blocks. 
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A.  Broaching  bar  with  mounted  drill;  New  Peerless  (Bangor  Vein)  quarry. 


B.  Typical  waste  lieap ; Keenan  Structvu’al  Slate  Co.,  Albion  quarry,  Pen 
Argyl. 
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This  block  is  now  pried  up  by  several  men,  who  work  in  unison, 
using  crowbars  as  levers  (see  Plate  XXXV,  A).  It  is  ready  for 
removal  from  the  quarry. 

Occasionally  au  unusually  regular  system  of  joiiits  can  be  utilized 
so  as  to  obviate  the  channelling  at  right  angles  to  the  grain.  In 
that  case  the  edges  of  the  block  to  be  removed  are  boumbal  liy  two 
joints  on  opposite  sides  (if  conditions  are  ideal),  by  two  fractures 
induced  along  the  grain  on  the  remaining  sides,  and  by  the  cleav- 
age plane  below. 

Many  variations  in  method  are  sub.stituted  where  structural  re- 
lations of  bedding  or  jointing  are  suitable. 

By  further  breaking  along  the  grain,  cleavage  or  joint  surfaces, 
Ihe  large  block  of  slate  may,  if  necessary,  l)e  still  more  reduced 
in  size  until  it  can  be  conveniently  hoisted  out  of  the  quarry. 

Hoisting. — In  Xoidhampton  County  all  quarries  are  equii^ped  with 
steel  or  wooden  masts,  which  sui^port  cables  that  are  thrown  across 
the  mouth  of  the  opening  and  are  anchored  by  heavy  guy-ropes 
on  the  side  opjiosite  the  landing.  The  main  cables  measure  1.3 
to  2.5  inches  in  diameter,  while  the  draw  cables  are  from  a (piarter 
to  three-quarters  of  an  inch  thick,  the  cableways  being  designed 
to  carry  from  three  to  five  tons,  according  to  Bowles.  Carriers 
are  used  on  the  cables  and  from  these  a chain  is  sus]mnded  which 
is  directly  attached  to  the  large  blocks  of  slate,  or,  when  men  or 
waste  pieces  are  to  l)e  hauled,  is  fastened  to  a flat  box. 

Hoisting  is  carried  on  by  drums  mounted  in  covered  engine  houses 
some  distance  back  from  the  brink  of  the  quarry.  Instructions  for 
hoisting  are  given  by  the  men  in  the  hole,  who  call  or  motion  to  the 
“signal  boy,”  generally  a boy  or  young  man  stationed  in  a small 
shanty  that  overhangs  the  quarry.  The  “signal  l)oy  " then  directs 
the  engineer,  either  by  voice  or,  more  commonly,  l)y  a system  of  bell 
signals. 

Great  care  is  taken  in  hoisting,  and  close  cooperatio'n  between 
the  men  in  the  hole,  the  “signal  boy,’’  and  the  hoist  engineer  is 
required. 

The  arrival  of  a block  of  slate  on  the  landing  after  having  be(‘n 
hoisted  out  of  the  quarry  is  shown  in  Plate  XXXVI,  A,  on  which 
the  cable  rigging  may  also  be  seen. 

Transportation  from  the  qnarrij. — Wa.ste  slate  removed  from  the 
quarry  is  generally  placed  on  hand  cars  and  hauled  to  the  dump. 

Large  blocks  are  marked  befoi*e  i-emoval  from  the  pit.  to  indicate 
whether  they  are  to  be  thrown  away,  or  used  for  millstoek,  rooting, 
or  blackboards.  Those  to  be  used  when  unloaded  at  the  landing,  are 
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Iteinoviiig  slate  from  (iiiarrv  Hoor  with  crow-  P>-  Ti'iumiing  and  splitting  slate  in  the  rooflii: 

Photograph  hy  Bliss,  Easton,  Pa.  shanty.  The  chain  that  moves  the  trimmin; 
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PLATE  XXXNI 


B.  Sawing  slate  on  mechanical  sawing  table.  1‘hotograph  liv  Bli.ss,  Ea.Ron. 
I’a. 


carefully  placed  on  tram  cars  and  pnslied  or  hauled  eitlier  to  the 
mill  to  be  finished  into  structural  or  electrical  slate  or  into  blackboards, 
or  to  the  small  houses,  called  “shanties'',  in  which  roofing  slafe  is 
made. 
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deduction  in  size. — Blocks  sent  from  the  mill  or  directly  from  the 
landing’  to  the  rooting  slate  shanties  mnst  be  reduced  to  dimensions 
adapted  to  ready  handling.  The  saw  used  for  this  purpose  is  generally 
36  inches  or  more  in  diameter,  and  is  about  three-eights  of  an  inch 
thick;  tlie  teeth  are  fixed  in  one  piece  with  the  blade.  The  saw  turns 
slowly  around  a horizontal  axis,  making  between  five  and  ten  revolu- 
tions per  minute.  "While  it  rotates  the  iron  table  on  which  the  slate 
rests  moves  forward  at  a slow  rate.  x\s  the  table  is  slotted,  and  the 
saAv  is  directed  to  follow  the  slot,  the  slate  is  gradually  forced  against 
the  teeth  of  the  saw,  which  cuts  it,  according  to  Bowles,  at  the  rate 
of  three  to  twenty  inches  per  minute.  To  prevent  the  slate  block 
from  being  pushed  back  on  the  table  as  the  saw  advances  against  it, 
plugs  are  driven  around  the  piece  into  the  holes  of  the  grating  that 
forms  the  table.  If  necessary,  the  block  is  thinned  after  sawing  by 
.splitting  it  with  wedges  set  parallel  Avith  the  cleavage. 

Splitting. — When  the  slate  has  been  reduced  to  pieces  about  1.5x2 
feet  in  area  and  5 inches  or  less  in  thickness,  it  is  carried  into  the  small 
sheds  or  shanties.*  Here  the  splitters  SAvab  the  blocks  Avith  Avater.  A 
tliin,  Avide-bladed,  and  very  flexil)le  chisel  is  then  Avorked  into  the  slate 
along  cleaA’age  cracks  by  gentle  tapping  AA’ith  a mallet.  AVhen  the 
chisel  is  finally  well  inserted  another  is  commonly  entered  in  like 
manner,  prying  apart  the  same  two  cleavage  surfaces.  Gentle  tapping 
and  deeper  forcing  of  the  chisels  finally  induces  the  .slate  to  part  along 
the  desired  plane  (see  Plate  XXXV,  B). 

In  some  quarries,  notably  in  the  hard  belt,  one  or  tAVO  saAvs  are  set 
up  near  the  shanties  to  cut  up  only  such  slate  as  is  intended  for  roof- 
ing. In  quarries  Avhere  mills  are  operated,  hoAvever,  the  smaller  pieces 
cut  from  the  large  blocks  that  Avere  destined  for  structural  purposes 
are  also  utilized  and  these  of  course,  require  no  saAving  but  are  sent 
directly  to  the  shanty. 

Trimming.— After  the  rock  is  split  to  the  thickness  of  roofing  slate, 
it  is  trimmed  under  a heavy  steel  blade  AA'hich  is  fixed  at  one  end  and 
is  operated  by  a treadle.  The  blade  is  made  to  sAA’ing  by  a sju’ing 
pole,  placed  outside  the  .shanty.  This  instrument  cuts  the  larger  pieces 
of  thinly  s])lit  .slate  into  the  sizes  desired  for  roofing. 

In  general  a piece  of  slate  is  cut  out  to  the  largest  size  possible  con- 
sonant Avith  tlie  standard  roofing  sizes.  A sef  of  metal  plates  attached 
to  the  trimming  machine  is  so  arranged  as  to  permit  the  rapid  gauging 
of  the  dimensions  to  AA’hich  the  slate  piece  is  best  adapted.  It  is  said 
that  the  treadle  must  be  Avorkecl  more  sloAvly  for  more  brittle  and 
softer  slate. 

* Recently  the  Jackson  Banjror  Company  has  done  away  with  its  shanties  and  substituted  one 
large  building  to  house  all  splitting  operations.  See  footnote,  page  219. 
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Tliis  metliod  of  trimming'  slate  is  iu  practice  in  botli  soft  and  hard 
belts  in  Xortliampton  County.  Attempts  liave  l>een  made  to  inti'odnce 
mechanical  trimmers,  bnt  withont  success. 

Punching. — On  demand  some  prodneers  still  pnncli  the  slate,  making 
the  nail  holes.  This  is  done  with  a mechanical  pnncliing  machine, 
operated  by  a treadle.  Opinions  ditfer  among  ojierators  as  to  the  desir- 
ability of  imnching  slate  before  shipment.  Some  assert  that  the  loss 
suffered  by  the  operators  in  pnnchi'ng  slate  is  aipireciable.  Others  say 
that  service  is  better  if  ]ninching  is  done  at  the  (piarry  because  the 
fnll  quantity  of  .slate  ordered  is  then  available  to  the  consumer,  no 
losses  l)eing  sn.stained  by  him  after  receipt  of  the  shipment;  this,  they 
believe,  begets  better  feeling  betAveen  pro.lncer  and  consumer  and  more 
than  balances  the  slight  financial  loss  of  the  quarrymen  due  to  break- 
age of  an  occasional  slate  in  punching. 

Punched  slate  costs  more  than  u'npnnched  slate.  The  punchers  arc 
payed  by  the  number  of  slate  ])nnched. 

Storage. — Roofing  slates  are  stored  outdoors  in  the  Bangor  (piarries 
and  in  the  hard  belt,  bnt  in  the  Pen  Argyl  district  it  is  preferred  to 
keep  them  coA’ered.  When  exposed  to  the  Aveather  the  soft  slate  becomes 
slightly  lighter  in  color  and  some  producers  jn-efer  to  have  such  changes 
take  place  at  once.  Ilai'd  .slate  undergoes  no  visible  color  change  Avith 
exjmsnre. 

B a.sfe  (h.'^po.sal. — The  chips  from  the  shanties  are  commonly  throAvn 
out  of  a chute  eoiiA’cniently  jilaced  near  the  trimmi'ug  machine.  A 
huge  pile  of  AA’a.ste  slate  is  thus  bTiilt  up,  necessitating  periodic  moving 
of  the  shanties.  This  accumulated  AAnste  is  a striking  feature  in  the 
slate  district.  The  ])hotograph  in  Plate  XXXIV,  B,  emphasizes  its 
extent.  For  a further  discussion  of  this  sid).ject  see  the  sectio'n  under 
Waste. 

MIEL  PRACTICE. 

Hard  and  soft  belt  methods  compared. — In  the  hard  belt  the  mill- 
ing is  a A’ery  simple  process,  the  only  products  besides  rooting  slate 
being  grave  vaults,  fence  posts,  and  rough  slabs  of  various  sorts.  Xo 
elaborate  mill  machinery  is  neces.sary  and  the  mill  jiraetice  consists 
meredy  of  sawing  the  slate  into  s])ccified  sizes  and  then  splitting  it  to 
the  desired  tluckness.  The  saAvs  and  chisels  used  are  similar  to  those 
described  alioA’e  under  shant.A'  ]U’actice.  Sjilitting  methods  employed 
resemble  those  eni])loyed  for  rooting  slate.  In  the  soft  belt  the  ]>rocess 
is  more  elaborate.  A brief  descri]>tion  folloAvs. 

Sorting. — Either  before  entering  the  mill  or  at  the  entry  Avay  the 
slate  blocks  are  graded,  so  that  it  is  knoAvn  Avhether  they  are  intended 
for  blackboards,  for  structural  slate,  or  for  electrical  purposes.  In 
sorting,  .slate  is  designated  as  (1)  “clear  stock,”  if  consisting  of  only 
light  gray  or  greenish  gray  slate,  free  from  carbonaceous  bands  (“rib- 
bons”) or  siliceous  layers,  or  {2)  “ribboned”  slate,  if  the  block  bears 
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carbonaceous  or  siliceous  beds.  Unusually  thick  beds  of  clear  stock 
are  set  aside  for  blackboards.  Pieces  from  certain  beds  Avbich,  tlirougli 
test  or  use,  are  knouui  to  yield  good  electrical  material  are  saved  for 
SAvitcliboards  and  insulation. 

Mill  hvildmg  and  plan. — Slate  machinery  is  generally  boused  in  a 
wooden  shed,  the  mill  or  factory,  wbich  is  longer  than  wide.  An  aisle 
is  left  open  down  the  middle  of  the  building  and  parallel  with  the 
length.  In  many  mills  tracks  are  laid  in  the  aisle,  and  a small  hand 
car  is  utilized  to  transport  the  rough  slate  blocks  or  finished  products. 

The  various  pieces  of  machinery  are  arranged  on  either  side  of 
tJie  middle  aisle,  in  such  a way  as  to  facilitate  as  direct  transiporta- 
tion  from  machine  to  machine  as  possible.  The  mill  plans  vary  with 
the  machinery  used,  the  kinds  of  slate  products  made,  and  the  views 
of  the  operators  as  to  the  best  arrangement  of  the  machines.  Several 
mill  plans  are  presented  in  the  detailed  quarry  descriptions.  Bowles 
has  discussed  the  matter  of  mill  planning  in  much  detaiP^®. 

Mill  traniKporiaiion. — Four  methods  of  handling  raAv  au'l  finished 
slate  in  the  mill  are  utilized  in  .Northampton  County.  These  are,  by 
boom,  hand  car,  horse-power,  and  crane. 

iUany  slate  mills  are  equipped  svith  a block  and  tackle  attached  to 
a rotating  boom.  Buch  an  a]ipliance  is  used  outside  the  mill  shed  for 
moving  blocks  from  the  hand  car  to  the  saw  tables,  or  Avithin  the 
building  to  shift  pieces  from  one  machine  to  another,  the  length  of  the 
horizontal  aian  of  the  boom  being  the  measure  of  its  Avorking  radius. 
Tn  some  mills  the  Ifioek  and  tackle  can  be  moved  along  the  length  of 
the  horizontal  arm.  In  one  mill  a chain  and  grapple  are  mounted  on 
an  S-shaped  track ; this  a]ipliance  is  used  for  moving  slate  from  saAV 
table  to  planer. 

IMuch  transportation  is  effected  by  hand-pushed  or  horse-draAvn 
cars,  moving  on  a track  AA'hich  is  laid  along  the  middle  aisle  of  the 
mill. 

In  four  mills  in  the  district,  overhead  cranes,  traA'elling  on  tracks 
attached  to  the  roof,  are  installed.  The  five-ton  Shepard  crane  appears 
to  find  most  faAmr.  The  initial  expense  is  a deterrent,  bnt  the  crane 
certainly  expedites  the  handling  of  Avaste  and  of  larger  blocks  and  so 
probably  pays  for  itself  in  a short  time. 

Power. — Steam,  gasoline,  and  electricity  are  all  utilized  for  poAver 
in  the  Northampton  County  slate  district.  Steam  poAver  and  elec- 
tricity Aue  Avith  each  other  for  use  in  driving  mill  machinery  and  air 
compressors.  Steam  is  generally  used  for  hoisting.  Gasoline  is  pre- 
ferred for  pumps  and  quarry  machinery. 

The  electricity  is  largely  furnished  by  the  poAver  companies  over 
transmission  lines  Avhich  folloAV  the  southern  flank  of  Blue  Mountain. 


Cowles,  Oliver,  The  tedmolog.v  of  slate:  U.  S.  Bur.  of  Alines,  Bull.  218,  pi).  77-80,  1922. 
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These  lines  are  shown  on  the  areal  geology  sheet."''  Transformers  are 
a necessary  part  of  the  jiower  equipment. 

Anthracite  is  the  usual  fuel.  The  boiler  house  is  a separate  build- 
ing- placed,  as  a rule,  some  distance  fi-om  the  mill. 

In  the  mill  the  machinery  is  generally  linked  to  one  or  two  shafts 
Avhich  parallel  the  length  of  the  building.  Generally  one  of  these  is 
a driA'e  shaft  and  is  belted  to  the  other. 

Eeduefinn  in  size. — This  jirocess  is  similar  to  that  already  described 
in  the  case  of  shanty  operations.  Two  sizes  of  saws  are  commonly 
used,  one  measuring  up  to  4 feet  in  diameter  (“buck-saw”)  for  the 
preliminaiy  reduction  of  the  rough  blocks,  and  another  (“rip-saw”) 
generally  having  a diameter  of  about  2 feet,  for  removing  irregular 
edges  or  for  cutting  partly  finished  or  thinner  slabs.  In  some  mills  a 
large  saw  of  the  former  ty]ie  is  mounted  outside  the  mill  shed.  Within 
the  shed  the  larger  saws  are  generally  placed  near  the  entry,  the 
smaller  ones  being  closer  to  the  jdaners  and  other  machinery. 

Plate  XXXVI,  B,  shoAVS  a rough  block  of  slate,  mounted  on  a 
sawing  table,  being  cut  into  pieces  of  usable  size. 

Planing. — The  slate  is  next  planed  to  a smooth  surface.  For  this 
purpose  the  block  is  placed  on  a bed  Avhich  travels  back  and  forth 
as  does  a sawing  table.  The  motion  carries  the  slate  under  a Idade 
AA'hieh  is  set  at  a very  Ioav  angle  to  the  horizontal.  As  the  blade  is 
not  as  wide  as  the  bed  on  Avhich  the  slate  rests,  and  hence  also 
generally  not  as  Avide  as  most  slate  slalis,  it  must  be  moved  laterally 
from  time  to  time  to  bring  it  in  contact  Avith  the  entire  surface. 
Further  the  blade  is  mounted  in  a geared  rack,  so  that  it  may  be 
progressively  loAvered  to  cut  the  slate  into  thinner  slalis.  Needless 
to  say,  such  machines  require  skilled  operators,  as  it  is  desired  to 
make  the  surface  absolutely  plane  (see  Plate  XXXVII,  A). 

Sand  polishing. — For  much  structural  material  the  planed  surface 
is  sufficiently  even,  but  in  many  cases,  notably  in  the  manufacture 
of  blackboards,  a yet  smoother  finish  is  desired.  For  this  ])urpose, 
as  Avell  as  for  perfecting  the  edges  of  other  pieces  of  AA'hich  the 
large  surfaces  do  not  reipiire  a jiolish,  a ruliliing  bed  like  that  shoAvn 
in  Plate  XXXA'II,  B,  is  used.  This  consists  of  a disk  of  iron,  12 
feet  in  diameter,  rotating  around  a vertical  axis.  Sand  is  placed 
upon  this  as  an  abrasiA'e  and  a stream  of  A\ater  is  directed  upon  it. 
DoAvnAvard  pressure  is  exerted  by  Aveights  placed  upon  the  slate  as 
it  lies  upon  the  rubbing  bed. 

Buffing. — To  give  a final  polish  a buffing  machine  is  used  on  the 
slate.  This  is  necessary  only  in  the  case  of  blackboards,  bulletin 
boards,  and  SAvitchboards. 


• In  1020  a iipw  transmission  lino,  not  shown  on  Platf  IT.  comiortod  j)Ower  lines  to  the  south 
with  tlie  Chapman  (juarries. 
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ELATE  XXXYII 


A.  Elaiiiiig  machine  in  operation.  ( Piiotograiih  i)v  liiiss,  Easton.  Pa.) 


IT  Kulii)ing  l)ed.  A siat(>  siai)  is  seen  resting  on  the  disk-siiaped  rnblring  sur- 
face and  anotiier  is  liei(i  l).v  tiie  oiierator  with  its  edge  against  the  surface  of 
tiu'  I'ulihing  (iisk.  ( i iiotograpii  hy  Bliss.  Easton,  I’a.) 
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Butniio-  machines  are  of  t-\vo  types.  One  of  these,  the  Vermont 
type,  consists  of  a disk-sliaped  head  in  which  are  mounted  l)'-ocns 
of  abrasive  material.  This  polishing  head  is  rotated  by  a belt  con- 
nected with  a power-driven  shaft  and  is  attached  to  a movable  vertical 
arm.  Pressure  of  Imffer  against  slate  surface  is  supjilied  by  a heavy 
spring,  u])on  which  the  operator  exerts  traction.  Water  is  directed 
upon  the  slate  Avhile  the  polishing  is  in  progress.  This  type  of 
buffer  recpiires  careful  oiieration  and  finishes  only  a small  area  at 
a time. 

The  other  type  of  buffer  has  several  arms  or  rods  (generally  six), 
each  carrying  a polishing  block.  When  smaller  pieces  are  i)olislied 
not  all  six  arms  are  needed  but  in  such  cases  those  not  in  use  are 
generally  left  in  gear.  The  arms  rotate  around  vertical  axes  so  that 
each  polishing  block  acts  on  a circular  area.  From  time  to  time  the 

PLATE  XXXVIII 


Bread-board  of  soft  slate.  Diameter  24  iiielies. 

slab  is  moved  until  it  has  all  been  gone  over  in  this  way.  Such 
a buffer  is  shown  in  Plate  XXXIX. 

Curhorundum  wheels. — These  are  employed  in  many  mills  for  l)evel- 
ling  and  for  cutting  small  .slabs  of  slate  to  the  desired  size.  They 
are  coming  into  increasing  use.  In  some  instances  they  are  placed 
on  travelling  axles,  so  that  the  slate  can  be  fixed  and  the  wheel  forced 
against  it  mechanically. 

Shaping  and  drilling. — As  a final  stage  in  bevelling,  shaping,  groov- 


PLATE  XXXIX 
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Mtill iiile-liead  Imltiiig-  iiiacliiiie.  Four  abrasive  heads  are  beiiis  used.  I I'liotoji'raiili  by  Pliss,  Easton, 
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ing',  or  fitting  slate  for  switchboards  or  for  tubs,  sinks,  and  troughs, 
hand  work  is  resorted  to.  Perha])s  the  greatest  skill  in  the  slate 
industry  is  needed  for  these  finishing  sfeps.  In  many  mills  drilling 
for  Aviring  or  bolting  is  also  done  by  hand,  but  some  factories  use 
mechanical  drills,  AAhich  are,  in  cases,  multiple,  so  as  to  permit  the 
drilling  of  seA’eral  holes  at  once. 

Electrical  slate  testing. — By  empirical  methods  the  beds  capable 
of  yielding  electrical  slate  are  knoAAUi.  The  out.standing  characteristics 
of  these  beds  are  their  uniformity  of  grain  and  the  absence  of  mag- 
netite and  pyrite,  of  excessh’e  graphite,  and  of  small  areas  bearing- 
more  than  normal  quantities  of  silica.  Although  mo.st  of  these  un- 
desirable features  can  be  easily  recognized  upon  superficial  inspec- 
tion, they  are  frequently  not  seen  AAdien  present,  especially  if  the 
slab  is  thick  and  conceals  them  in  its  interior.  For  testing  the 
electric  insulation  of  slate,  a special  apparatus  consisting  of  a trans- 
former, milliameter,  and  AA’ires  AAutli  brush-like  terminals  has  been 
de\dsed  by  Kobert  XotA'est,  AA’orking  for  the  Structural  Slate  Com- 
pany.^-® 

A Avire  is  applied  ;o  one  side  of  the  slab,  and  Avith  the  other 
Avire  all  points  on  the  slate  .surface  are  bruslied  over  to  see  Avhether 
there  is  any  leakage.  This  is  determined  by  the  floAV  of  current 
recorded  on  the  milliameter. 

IVackljoarel  making. — Blackboards  are  split  like  roofing  slafe,  but 
more  care  must  be  exercised  because  the  slabs  are  generally  larger. 
They  are  then  sand-rubbed  on  the  rubbing  bed,  polished  under  the 
buffer,  and  stored  in  a separate  shed.  In  one  factory  the  old  practice 
of  hand  planing  the  .slate  for  blackboards  is  still  followed.  For  this 
purpose  a sharp  blade  Avith  long  cutting  edge  is  used.  Blackboards 
must  be  carefully  crated  for  shipping. 

School  slate. — This  is  made  from  beds  darker  than  the  usual  light- 
gray  slate,  but  not  as  dark  as  the  “ribbon  ’ or  highly  carbonaceous 
layers.  The  slate  is  split,  like  roofing  slafe,  and  then  trimmed  Avith  a 
rapidly  rotating  saAA’  shaped  like  a square  AAdth  a triangular  pro- 
longation at  each  corner.  The  sizes  of  school  slates  vary  from  4x6 
inches  to  9 x 13  inches. 

A small  school  slate  factory  operated  by  the  Griffin  Brothers  is 
located  at  Flicksville.  The  school  slate  that  has  been  split  and 
trimmed  at  the  North  Bangor  quarry  is  brought  here  for  finishing. 

Each  piece  of  slate  is  first  sent  through  a beveller;  this  bears  a 
carriage  by  Avhich  the  slate  is  propelled  over  knives  Avliich  have  their 
blades  inclined  in  such  a Avay  that  one  edge  of  the  slate  is  bevelled 
in  transit. 

When  the  piece  has  been  bevelled  on  all  edges,  it  is  forced  betAveen 


Slate  for  eleetric.-il  purposes:  The  Structural  Slate  Co.,  Peu  .Argyl,  Pa.,  pp,  33.34  1923 
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two  knives  placed  with  their  blades  only  far  enough  apart  to  permit 
the  passage  of  the  desired  thickness  of  slate  (1/6,  1/7,  and  1/8  inch, 
according  to  the  grade  specified).  This  machine  is  called  the  shaver. 

For  final  surfacing  the  bevelled  and  shaved  slate  is  passed  between 
two  paper  covered  cylinders  which  rotate  rapidly  in  opposite  direc- 
tions ; this  machine  acts  as  a buffer. 

vSchool  slate  destined  for  domestic  use  is  framed  here  as  well,  and 
a hit  of  colored  goods  is  applied  to  the  outside  of  the  frame.  The 
finished  slafe  is  carefully  packed  in  boxes,  hluch  of  it  is  prepared 
for  exi:)ort,  especially  to  Europe. 

jiccessori/  machinery  and  sheds. — Well  equipped  slate  mills  gener- 
ally have  an  emery  or  carborundum  wheel  for  sharpening  saws  and 
planer  knives. 

A separate  room  is  ordinarily  supplied  for  fitting  work^  such  as 
hand  turning  and  bevelling  mill  products.  Similarly  the  corps  of 
workers  splitting  blackboards  is  commonly  given  its  own  workshop, 
distinct  from  the  rest  of  the  mill. 

In  many  mills  there  is  a lumber  shed,  equipped  with  a buzz-saw. 
Here  slate  can  be  crated  for  shipping. 

Adjacent  to  the  mill  near  the  rubbing  beds  there  is  a sand  house, 
with  a chute  leading  into  the  interior  of  the  factory. 

Storage. — It  is  desirable  to  store  most  of  the  finely  finished  products 
under  a roof.  Stock  rooms  are  accessory  buildings  placed  near  the 
mill  and  connected  with  it  liy  rail.  A separate  space  fitted  Avith 
special  racks  is  set  aside  for  lilackboard  storage. 

PULVERIZING  MILLS. 

Tavo  plants  for  pulverizing  slate  have  been  installed,  one  at  Pen 
Argyl  at  the  Parsons  quarry,  the  other  at  Pangor  near  the  Bangor 
Central  quarry.  A descri]Ation  of  the  Pen  Argyl  plant  is  giATn  by 
BoAvles.’"'  These  pulverizing  mills  suggest  a Avay  of  utilizing  much 
material  that  Avould  otherAvise  be  discarded  as  Avaste  from  the  slate 
mills  and  shanties.  The  pulverized  product  is  used  as  a filler  in 
paints,  paper,  linoleum  and  rubber. 

Lately  pulverized  slate  has  found  some  use  in  the  Avaterproofing  of 
concrete  products.  Here  too  it  plays  the  part  of  a filler  and  is  in- 
serted to  reduce  porosity.  For  this  purpose  finely  pulverized  sizes 
are  used  in  quantities  varying  up  to  20  per  cent  of  the  mix,  the 
optimum  results  being  obtained  Avith  12  per  cent  of  the  filler.^-® 

:marp.leizing  plants. 

Marbleized  slate  is  slate  in  slabs,  the  surfaces  of  Avhich  liaAT  been 
artifically  colored  to  simulate  marble,  onyx,  or  other  decoratiAT  stones, 

Fiowles,  Oliver.  The  teelmoloi?.y  of  slate:  U.  S.  liur.  of  Mines,  Bull.  218,  p.  114,  1922. 

Anonym . , Slate  fl' iir  iisucl  f<»r  waterproofing'  eonerete  products:  Hock  Products,  V'ol.  XXVIII, 

No.  4,  p.  77,  1925:  quotes  from  Contract  Journal,  England. 


WASTE 


2,si> 

or  clear-grained  woods.  Tn  former  years  marldeized  slate  was  much 
in  fashion  and  was  used  for  mantels,  wainscoting.  tal)le  tojis,  tiles, 
and  door  plates.  Checker  hoards  are  made,  on  which  the  squares  are 
alternately  black  and  highly  colored.  C'olored  black,  marhleized  slate 
is  used  for  base  plates  in  X-ray  apparatus. 

The  process  of  marldeizing  slate,  as  jiraeticed  l)y  the  Butler  Brothers 
Company  at  Pen  Argyl  is  to  apply  with  a brush  a ground  coat  of  color 
on  finished  structural  slate.  The  desired  pigments  in  oil  are  dropped 
on  the  surface  of  water  in  a vat.  The  film  of  color  thus  formed  is 
broken  by  agitation.  Next  the  slate  slab  with  its  ground  color  coat  is 
gently  lowered,  face  down,  upon  the  network  of  paint  fioating  on  the 
surface  of  the  water.  This  network  adheres  to  the  face  of  the  slab 
when  it  is  withdrawn.  Thus  the  appearance  is  simulated,  for  example, 
of  a piece  of  verde  antique.  The  slate  is  then  finished  by  heating  in  a 
kiln,  varnishing,  and  polishing  with  pumice. 

The  Structural  Slate  Company  at  Pen  Argyl  is  marketing  slabs  of 
slate  that  are  lacquered  on  one  or  both  sides  in  various  colors,  with  or 
without  pattern.  The  lacquer  is  applied  with  compressed  air  and  is 
air-dried.  An  imitation  of  black  marble  with  g'old  veining  is  also 
produced.  This  lacquered  slate  is  called  Strueo  slate,  and  is  used 
for  wainscoting,  toilet  i)artitions,  table  tops,  lamp  bases,  etc. 


WASTE. 

rtilization. — The  waste  incidental  to  slate  quarrying  is  enormous; 
it  has  been  variously  estimated  at  60-85  per  cent^"®  or  even  more  of 
all  the  slate  taken  from  the  ground.  In  fact,  the  reduction  ami 
utilization  of  waste  is  the  greatest  problem  faced  by  the  industry. 
The  loss  is  largely  inevitable,  being  due  partly  to  irregularities  in 
cleavage,  jointing  or  some  other  structural  feature,  partly  to  sedi- 
mentary factors,  such  as  “ribbons”  and  “hard  rolls.”  IMueh  of 
the  loss  can  be  assigned  to  poor  quarry  and  mill  practice.  This  matter 
has  been  extensively  discussed  by  Bowles’®”,  who  also  suggests  various 
methods  of  utilizing  the  slate  hitherto  thrown  away.  lie  mentions  the 
following  products  in  which  waste  slate  can  be  used  snceessfidly : 


1.  Inlaid  slate  roofs. 

2.  Flasgins. 

3.  Fence  rost.s. 

4.  AVall  rock  ( for  placing  in  the  walls 
of  buildings  as  heat  insulators). 

5.  Rubber  filler. 

6.  Linoleum,  oilcloth,  and  window 
shade  filler  ( except  where  these 
must  be  white). 

7.  Filler  in  plastic  roofing  and  floor- 
ing. 


8.  Bonded  briquets  for  road  laying. 

9.  Filler  in  sheet  surface  mixtures  in 
road  asphalting. 

10.  Brick  and  tile. 

11.  Synthetic  slate. 

12.  Filler  in  metal  polish. 

13.  Abrasive  soap. 

14.  Filler  in  wrapping  paper  and  card- 
Ixiard. 

15.  Foimdry  sand  mixtures. 

Id.  Granules  for  synthetic  roofing. 


'“Bowles,  Oliver;  Oy.  cit.  , p.  S3:  Eies,  Heinrich,  Economic  Geology,  p.  112,  1916;  Merrill. 

G.  P.,  Stenes  for  building  and  decoration,  p.  359,  1S97. 

'■’’’Bowles,  Oliver,  Op.  cit.,  pp.  82-107. 
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Several  otlier  possilile  uses,  such  as  inlaid  slate,  slate  lathing,  and 
slate-surfaced  shingles  have  also  been  suggested.  In  several  places 
in  the  slate  district,  slate  blocks  are  actually  sidistituted  for  the  wood 
or  brick  in  the  Avails  of  houses.  The  schoolhouse  at  Chapman 
illustrates  this  use. 

DhpofiaJ. — The  matter  of  Avaste  disposal  has  already  been  touche:! 
upon  nnder  quarry  and  shanty  practice.  It  suffices  to  say  that  Avaste 
ficcumulates  in  quarry,  shanty,  and  mill.  This  Avaste  is  disposed  of 
as  folloAvs : 

1.  Waste  from  qnarrA"  operations  is  dnmped  at  the  end  of  an 
incline  leading  away  from  the  quarry  or  is  throAvn  back  into  those 
parts  of  the  opening  AAduch  Iioat  l)een  abandoned. 

2.  Waste  from  roofi}ig  slate  making  is  dropped  beside  the 
shanties,  the  trimmer  in  each  shanty  simply  throAving  it  out 
through  the  chute  provided  for  that  purpose. 

3.  Waste  from  the  mill  is  disposed  of  like  that  from  the  quarry. 

Cenerally  the  dump  on  Avhich  the  larger  blocks  of  Avaste  from  the 
quarry  anu  the  mill  are  throAvn  is  in  the  form  of  an  incline  np  Avhich 
small  cars  bearing  the  material  to  be  discarded  are  either  pushed  by 
hand  or  hanled  by  horse  or  cable. 

SPECIFIC.ATIONS  FOR  AND  DESCRIPTION  OF  PRODUCTS. 

ROOFING  .SLATE, 

The  folloAving  sizes  and  specifications  are  cited  from  the  .standard 
price  list  of  the  largest  roofing  slate  distributing  company  in  Penn- 
sylvania. They  apply  Avholly  to  soft  belt  slates : 


Standard  sizes  for  roofing  state. 
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Slate  for  roofing  is  sold  by  a unit  called  the  square,  the  slate  necessary 
to  cover  100  square  feet  with  a 3-ineli  overlap.  The  standard  thick- 
ness is  3/16  inch.  Thicker  slates  are  supplied  on  demand.  The 
weight  per  square  of  Northampton  County  soft  belt  slates  is  650  to 
700  pounds. 

All  Northampton  County  roofing  slate  is  blue-gray  in  color;  it 
becomes  slightly  lighter  on  long  exposui’e.  If  the  slate  is  of  the 
sandy  ends  of  beds,  there  is  a tendency  to  “rust,”  that  is,  turn 
brownish,  but  such  beds  are  only  used  in  rooting  when  especially 
called  for,  the  purpose  in  that  case  being  to  lend  a rustic  or  antique 
appearance. 

The  surface  of  a roofing  slate  jiarallels  the  cleavage.  In  some 
quarries  cleavage  is  locally  curved ; this  results  in  curved  slates, 
which  can  be  used  if  carefully  laid.  In  imitating  old  structures, 
architects  occasionally  demand  such  curved  cleavage,  but  for  ordi- 
nary use  it  is  less  desirable  than  ]ierfectly  plane  cleavage. 

The  following  specifications  are  to  be  looked  for  under  the  trade 
terms  when  soft  belt  roofing  slates  are  ])urcbased  ; 

No.  1 Clear : Tolerably  uniform  as  to  surface ; thickness  about 
3/T6  inch;  straight,  with  clean  corners;  entirely  free  of  ribbons. 

Semi-Clear:  Same  as  “No.  1 Clear,”  l>nt  may  have  ribbons 

which  in  this  case  lie  above  the  nail  holes  and  hence  are  hidden 
by  the  overlap. 

No.  1 Ribbon  ; Similar  in  quality  and  appearance  on  the  rool 
to  “Clear”  and  “Semi-clear”  grades,  the  only  difference  being 
that  some  of  the  ribbons  come  below  the  nail  holes. 


In  addition  most  quarries  supply  a lower  grade,  called  largely 
“No.  2 Ribbon,”  which  shows  ribbons  below  the  nail  holes  and  below 
the  overlap ; when  such  slate  is  laid  on  a roof  the  ribbons  may  be 
visible ; hence  it  is  more  commonly  used  for  roofing  l)arns  and  sheds. 
“No.  2 Clear”  slate  is  such  as  has  been  cidled  from  “No.  1 Clear” 
because  of  curved  cleavage,  chipped  corners,  or  thickness  in  excess 
of  the  standard  3/16  inch. 

In  the  hard  belt  no  ribbonless  slates  are  produced,  but  the  ribbons 
are  generally  not  conspicuous  after  appreciable  weathering.  These 
slates  are  classed  as  No.  1 and  No.  2 on  the  Ijasis  of  the  smoothness 
of  the  surface;  highly  siliceous  ril)bons  generally  warp  such  a surface 
slightly  and  make  a No.  2 slate. 

The  sizes  of  the  hard  belt  slates  are  similar  to  those  of  the  soft 
belt. 

Architects  are  calling  for  rough  slates,  broken  slates,  slates  of  ex- 
ceptional thickness,  and  slates  made  from  the  “hard  rolls”  (sandy 
portions)  of  beds,  but  these  special  orders  have  not  been  standardized. 
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ELECTRICAL  SLATE. 

The  following'  is  a digest  of  the  specifications  suggested  by  the 
largest  electrical  slate  producer  in  the  State ; 

1.  The  slate  slioidd  be  clear  stock,  uniform  in  color,  free 
from  veins,  spots,  and  cracks ; specific  gravity  about  2.8.  Ab- 
sorption of  water  by  weight  in  24:  hours  should  not  exceed  0.3 
per  cent.  Tensile  strength  3500  lbs.  per  square  inch.  Modulus 
of  ela.sticity  8,000,000  lbs.  per  square  inch.  Toughness  12  (method 
advocated  by  the  American  Society  for  Testing  Materials).  Co- 
efficient of  expansion  0.000002°  C.  or  equivalent.  Heat  resistance 
to  Avithstand  200°  C.  without  cracking. 

2.  Slate  should  :iot  be  used  for  electrical  purposes  until  tliree 
months  after  quarrying. 

3.  Paces  and  edges  of  panels  mu.st  be  true  surfaces,  accurately 
cut  to  dimensions  and  varying  not  over  1/16  inch.  Ad.ioining 
edges  shall  not  deviate  from  a right  angle  by  more  than  1/32 
inch.  BeA’els  shall  be  cut  true  entirely  around  panels ; they  shall 
be  measured  by  the  pro.iected  AA'idth  and  depth.  Back  of  panels' 
shall  be  free  from  lumps  or  depressions,  but  need  not  be  trued. 

4.  All  slate  shall  be  electricall.v  tested  prior  to  shipment  Avith 
one  of  scATral  specified  devices,  and  impedenee  leakage  actually 
measured. 

5.  Holes  drilled  in  the  slate  for  securing  or  fastening  it 
shall  be  15-20  per  cent  larger  in  diameter  than  the  screAA’s,  bolts, 
and  other  appliances  used.  Compressible  AA'a.shers  shall  be  used 
betAA’een  the  slate  and  the  frameAvork. 

6.  Large  slabs  four  square  feet  or  over  in  area  shall  be  so 
supported  that  the  fastening  screAA's  or  other  appliances  shall 
not  bear  the  AA’eight  of  the  slate ; large  sAAutchboard  assemblies 
shall  rest  on  a substantial  iron  base,  preferably  cushioned. 

Special  devices  for  testing  the  imiAedence  and  ohmic  resistance  of 
slate  liaA'e  been  prepared  by  Mr.  Robert  Notvest,  acting  for  the 
Structural  Slate  Company. 

Leakage  appears  to  be  due  generally  either  to  the  presence  of  free 
carbon,  or  of  iron  compounds  (probably  mainly  magnetite  and  pyrite), 
or  of  Avater  in  the  slate.  Slate  to  be  used  for  electrical  purposes 
must  thus  be  free  of  “ribbons”  and  of  larger  quantities  of  magnetite 
and  pyrite  (as  in  A'cinlets),  and  it  should  be  dried  of  its  quarry 
AA'ater.  There  appears  to  be  no  ob.jection  to  silica  in  electrical  slate 
AA'hen  it  is  uniformly  distributed  and  not  localized  in  veins  or  beds. 

STRLCTEKAL  AXI>  SAXITARY  SLATE. 

For  structural  and  sanitary  use,  slate  should  be  soft,  evenly  grained, 
and  preferablj^  not  too  heavily  ribboned.  The  slate  is  taken  out  of 
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the  factory  in  four  tinislies, — sand  rulibed,  lioned,  and,  wlien  polislie  I, 
in  “black  enamel’’  and  “white  enamel’’  finishes.  It  may  also  bo 
marbleizod  by  a S])ecial  process. 

Less  fini.shed  and  less  expensiA’e  surfaces  are  the  following’,  which 
can  generally  he  su]>plied  on  demand : 

Sawed  edges:  This  surface  consists  of  concentric  groovings,  as 

left  by  the  hack-saw ; such  surfaces  may  be  used  in  copings  and  nosings, 
— generally  outdoor  finishes. 

Split-face  surface : This  is  rough  to  appearance  and  touch  ; it  is 

the  finish  left  on  roofing  slate.  It  is  in  demand  for  outside  flagging, 
steps,  and  walks. 

Planed  siu-face : This  is  smoother  than  the  split-face  surface,  having 
no  minor  roughnesses  that  can  be  felt,  but  the  parallel  marks  of  the 
planing  knife  can  be  faintly  seen. 

It  should  here  be  stated  that  although  clear  stock  may  be  used  for 
structural  pur]ioses,  ribboned  slate  is  said  to  lie  equally  satisfactory 
in  its  wearing  qualifies  and  is  more  readily  obtainable.  It  is  less  costly 
as  approximately  80  per  cent  of  the  slate  from  quarries  bears  ribbons. 

As  among  the  structural  and  sanitary  uses  to  which  slate  may  be 
converted,  the  following  may  be  mentioned : toilet  appliances,  shower 

stalls,  sinks,  tubs,  vats,  shelving,  copings,  hearths,  stairs,  tables,  and 
lithographic  stone. 

GRAVE  VAULTS  AND  BTLI.IARD  TAIU.E  TORS. 

For  grave  vaults,  the  specifications  and  trade  practice  in  the  soft 
belt  are  similar  to  those  applied  to  structural  and  sanitary  slate.  In 
the  hard  belt  the  fini.sh  is  like  that  described  under  “Split-face  surface” 
(see  “Structural  and  Sanitary  Slate”  above),  as  no  milling  is  given  the 
hard  belt  structural  slate. 

The  qualifications  for  billiard  table  tops  are  sinqily  that  the  slate 
be  obtained  in  large  slabs  free  from  .joints  and  veins,  that  it  be  soft, 
and  able  to  take  a smooth  polish. 


SCHOOL  SLATES. 

For  school  slate  use,  slate  .should  be  dark  and  free  from  knots  and 
ribbons.  These  slates  occur  commonly  in  smaller  beds.  The  beds 
in  the  soft  belt  of  that  section  of  Northampton  County  here  de- 
scribed are  generally  less  veil  adapted  to  this  type  of  ]iroduct  than 
those  at  Slatington.  However,  at  least  one  quarry  yields  ajqireci- 
able  quantities  of  school  slate. 

R.LACKBOARDS  AND  BULLETIX  BOARDS. 

.Slate  for  blackboards  and  bulletin  boards  should  be  free  from 
ribbons,  of  fairly  dark  gray  color,  soft,  highly  fissile,  and  }ireferably 
with  plane  cleavage.  If  the  cleavage  is  gently  curved,  which  is  not 
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infrequently  the  case,  the  boards  may  be  “sprung”  into  position  be- 
cause of  the  elasticity  of  the  slate,  and  are  then  as  satisfactory  as 
though  the  cleavage  were  wholly  plane.  The  sizes  of  blackboards 
\ary,  but  standard  sizes  are  3 feet,  3 feet  6 inches,  and  4 feet  in  width 
and  4 feet  6 inches  or  less  long,  with  thickness  of  inch  to  % inch. 

GRANULES 

Slate  granules,  with  pulverized  slate  and  similar  ground  products, 
depend  for  specifications  wholly  on  the  use  to  which  they  are  to  be  put. 

HISTORY  OF  THE  SLATE  INDUSTRY. 

develop:ment  in  the  united  states. 

The  history  of  the  slate  industry  recapitulates  the  development  of 
most  other  American  business  enterprises,  in  that  it  passed  from  small 
pits  Avith  “cut  throat  competition”  to  larger  scale  quarrying  with 
greater  cooperation  and  coordination.  The  earlier  production  hoped  to 
enter  mainly  the  roofing  market,  and  toAvard  the  middle  of  the  last  cen- 
tury it  was  expected  to  compete  in  price  Avith  shingles.  Eates  like  those 
incidental  to  such  a theory  proATcl  ruinous  and  bankruptcies  thinned 
the  ranks  of  the  producers. 

This  depression  did  not  long  continue,  hoAvcA^er.  The  groAvth  of 
extensive  consumption  of  millstock  in  the  eighties  helped  the  producers 
considerably,  as  it  represented  a suitable  outlet  for  much  of  Avhat  had 
hitherto  been  regarded  as  waste.  Another  alleviation  of  the  stress  to 
Avhieh  the  quarrymen  had  been  subjected  aa^s  the  vast  improvement 
of  quarrying  and  milling  machinery.  Almost  all  of  the  larger  quarries 
in  the  region  shoAV  along  their  Avails  a marked  change  someAvhere  in 
the  descent ; AAdiereas  the  upper  parts  of  the  quarry  faces  are  rough  and 
ATry  irregular,  the  loAver  portions  are  smooth  and  cut  into  step-like 
parallel  benches  by  the  use  of  channeling  machines.  These  loAver  sec- 
tions, then,  where  the  slate  Avas  not  shattered  by  excessiA^e  blasting  as 
higher  up,  bear  Avitness  to  one  of  the  modern  refinements  of  quarry  craft 
that  has  greatly  reduced  Avastage  and  cost  of  ojierations.  Channeling 
was  first  practiced  in  Vermont  in  1863  but  Avas  probably  not  intro- 
duced into  the  slate  region  of  Pennsylvania  until  about  tAvo  decades 
later.  In  the  early  90 ’s,  also,  slate  blackboards  came  into  use  for  the 
first  time  and  soon  furnished  another  line  of  product. 

The  effect  of  these  various  beneficial  factors  Avas  to  ameliorate  some- 
Avhat  the  lot  of  the  slate  producers,  and  quarries  began  once  more  on  a 
promising  scale.  It  is  to  this  later  period,  mainly,  that  the  groAvth  of  the 
centers  of  slate  industry,  such  as  Bangor  and  Pen  Argyl,  are  to  be 
attributed.  But  the  appearance  on  the  market  of  paper,  asbestos,  and 
tar  roofing  materials  shortly  before  the  peak  production  of  1903  Avas 

“'Merrill,  G.  P..  Stones  for  building-  and  decoration,  p.  404,  New  York,  John  Wiley 
and  Sons,  1910. 
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again  the  signal  for  beginning  a decline  in  the  slate  industry.  Con- 
comitantly tile  school  slate  consumption  suffered  greatly  at  the  hands  of 
the  sanitary  experts  of  our  public  schools.  This  depression  marked  the 
commencement  of  violent  competition  between  the  slate  men  themselves. 
Several  attempts  were  made  to  stop  such  an  intense  price  war  as 
followed  ; none  were  successful. 

There  resulted,  then,  a marked  decline  in  slate  ])rodnction.  Labor 
costs  had  risen.  Some  of  the  old  markets  for  slate  products  were  on  the 
Avane  Avith  no  possibility  of  any  recuperation  in  the  future ; otlmrs  AA'ere 
being  inA’aded  by  substitute  materials.  Freight  rates  Avere  ]irohibitiA'e 
for  distance  shipments.  Added  to  this,  cost  accounting  Avas  not  recog- 
nized as  furnishing  a basis  for  proper  sales  prices ; expenses  Avere  in- 
curred in  cpiarry  operations,  Avhile  prices  Avere  cut  in  a manner  AAholly 
unjustified  by  the  small  return  on  the  iiiAmstment.  Came  the  greatest 
of  all  catastrophies  to  the  indu.stry,  the  AYorld  War.  ^Yith  the  entry 
of  the  United  States,  slate  cpiarrying  AA’as  almost  totally  abandoned  as 
an  unessential  industry.  Immediately  after  our  entry  into  the  Avar  the 
organization  of  the  slate  industry,  so  long  projected  and  so  long  pre- 
A’ented  by  internal  strife,  took  place  to  a considerable  degree,  and  there 
AA'ere  formed  tAvo  larger  companies,  one  to  deal  AA'ith  structural  ]u-oducts, 
the  other  Avith  roofing  slate. 

The  industry  is  apparently  again  able  to  anticipate  better  days.  Gen- 
eral slate  production  in  192.3  has  risen  over  that  of  any  year  since 
1917  ( see  Fig.  45).  SeA'eral  quarries,  hitherto  abandoned,  are  being 
reopened.  Although  there  AA'as  a general  industrial  decline  in  1921. 
slate  suffered  less  than  other  commodities  and  roofing  slafe  produced  in 
1923  experienced  a sales  increase  over  all  years  since  1917.  Elect'dcal 
slate  has  become  an  important  factor  in  the  deA-elopment  of  the  indus- 
try. The  tendency  to  standardize  specifications  is  noticeable  noAA’. 
All  in  all,  it  seems  as  though  slate  Avere  gradually  regaining  the  indus- 
trial strength  it  possessed  in  1903,  the  peak  year. 

])i:a'elop:mext  tx  xoktiia:mptox  coexty. 

Of  Pennsyh'ania  slate  districts  there  are  three,  (1)  that  AA'hich  bor- 
ders on  Maryland  at  the  south,  lying  in  Lancaster  and  York  Counties 
(see  Figure  I),  and  is  a portion  of  the  Peach  Bottom  district;  (2) 
that  centering  around  Slatington  and  DanielsA'ille,  the  greater  part  of 
AA’hich  lies  in  Lehigh  County;  and  (3)  that  described  in  this  report, 
AA'hich  lies  Avliolly  in  Xorthampton  County  and  centers  about  Pen  Argyl 
and  Bangor,  Avitli  other  quarries  to  the  south,  near  Bath  and  Xazareth. 
This  last  is  here  under  discussion,  but  the  figures  in  fhe  ensuing  tables 
partly  include  small  productions  from  one  or  tAvo  quarries  that  lie  in 
Xorthampton  County  but  ship  their  products  to  Slatington,  hf-nce 
should  properly  be  classed  AA'ith  the  quarries  of  the  Slatington  district. 
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Figure  45.  Slate  production  in  the  United  States, 


rUODTM'TION 
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It  may  be  recalled,  therefore,  in  studying  the  curves  and  tables  vdiich 
follow,  that  the  production  centering  around  Bangor  and  Pen  Argyl 
and  coming  from  quarries  lying  Avithin  the  area  here  maiiped  is  slightly 
less  than  that  of  Xorthampton  County  as  a Avhole.  In  the  discussion, 
also,  the  historic  development  of  such  towns  as  Danielsville  and 
AValnutport,  Avhich  really  are  economically  a part  of  the  Slating'ton 
District,  Avill  he  omitted,  though  these  tOAvns  lie  in  Xorthampton 
County. 

In  a small  A\ay,  the  quarries  in  the  district  here  described  haA’e  been 
Avorked  for  about  a century.  As  early  as  1850  Cha]unans  quarry, 
probably  the  oldest  in  the  hard  belt  or  area  in  AAdiich  harder  slate  is 
mined,  Avas  in  operation ; tlie  present  company  Avas  organized  in  1864 
and  had  then  a fair-sized  opening  on  its  property.  About  1850,  too, 
Pobert  M.  Jones,  the  founder  of  Bangor,  AA'hose  statue  is  to  be  seen 
on  the  campus  of  the  Bangor  High  School,  discovered  slate  east  of  the 
■city,  on  the  liill  on  AA’hich  the  masts  of  the  Old  Bangor  quarry  uoav  stand. 
At  an  eA’cn  earlier  date,  in  the  years  betAveen  1833  and  1841,  II.  I). 
Pogers,  then  State  Geologist,  and  his  associates  found  fiA’e  quarries  in 
operation  at  Slatington.^®-  They  also  reported  tAA’o  quarries  AA'orking 
near  the  DelaAvare  Water  Gap,  one  of  AAdiich  Avas  apparently  the  Old 
Jersey  quarry  of  today,  on  the  east  bank  of  the  DelaAvare  Piver;  the 
other  Avould  seem  to  haA^e  been  Aidiat  is  noAV  knoAvn  as  Williams  quarry 
(see  this  report)  in  the  Slateford  group  and  Avas  said  to  haA'e  begun 
work  in  1812,  though  this  is  probably  incorrect.  In  the  same  rejiort 
mention  is  made  of  an  opening,  apparently  Daniels  quarry,  one  and 
one-half  miles  Avest  of  Xazareth. 

In  its  groAvth  the  di.strict  has  experienced  the  same  depressions  and 
reAUA'als  that  haA'e  affected  the  industry  throughout  the  nation.  Quar- 
ries Avere  first  opened  at  Chapman  and  at  A'arious  points  in  the  hard 
belt,  and  the  industry  later  receh’ed  neAV  recruits  to  its  ranks  from 
Bangor,  Delpsburg  (noAV  East  Bangor),  Pen  Argyl,  and  HellerA’iHe 
(noAv  a part  of  Wind  Gap).  As  the  industry  enlarged  it  began  to  play 
a more  important  part  in  draAving  Avorkmen  to  the  larger  slate  centers 
and  Bangor,  Pen  Argyl,  Wind  Gap,  Bath  and  Slateford  became  thriving 
small  residential  toAvns. 


PRonucTrox 

General  discussion. — All  varieties  of  slate  products  except  slate  pen- 
cils are  obtained  from  the  district  here  described.  These  include  roofing 
slate,  slate  for  structural  and  sanitary  purposes  (e.  g.,  for  sinks,  inan- 
tels,  drip-boards,  shoAver  stalls,  and  the  like),  grave  vaults  and  covers, 
billiard  table  tops,  electrical  insulation  and  SAvitch-board  material 


n.  D.:  Ge  )1oj:v  of  Peniiwvl vania , voL  I,  p.  240,  1S58. 
^3^  Op.  oit.,  p.  24S. 
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(classed,  as  “electrical  slate”) , blackboards  and  bulletin  boards  (lumped 
together  under  the  trade  term  of  blackboards),  school  slates,  marbleized 
slate,  crushed  slate,  and  ground  slate.  The  cinarries  of  the  soft  belt 
yield  all  of  these  products;  those  of  the  hard  belt  furnish  today  only 
roofing  slate  and  slate  for  such  structural  and  sanitary  uses  as  Avill 
require  no  finishing,  althongh  finished  structural  slate  and  even  black- 
boards Avere  once  prepared  with  the  aid  of  diamond  saws  at  Chapman 
quarry  in  the  hard  belt.  A large  proportion  of  the  slate  production  of 
the  soft  belt,  and  almost  all  of  that  of  the  hard  belt  is  in  the  form  of 
roofing  slate. 

The  statistics  and  curves  given  below  are  obtained  from  figures  in 
Mineral  Resources  of  the  United  States^^  for  the  current  years.  The 
term  “millstock”  is  loosely  used.  Millstock  includes  grave  vaults, 
billiard  table  tops,  structural  and  sanitary  material,  and  electrical  slate 
in  the  general  curve  for  the  United  States  as  a Avhole  (Figure  45).  In 
the  curve  (Figure  46)  comparing  millstock  production  of  the  United 
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Figure  40.  Relative  values  of  millstoc-k  produced  in  the  United  States,  Pennsyl- 
vania, and  Northampton  County,  since  1912. 


States  witli  that  of  Pennsylvania  and  of  Northampton  CoAurty,  hotv- 
ever,  the  term  millstock  includes  grave  vaults,  structural  and  sanitary 
material,  blackboards,  school  slates  and  electrical  slate,  but  does  not 
include  billiard  table  tops. 

The  figures  represent  the  quantity  or  values  sold,  and  so  do  not  give 
the  actual  production,  yvhich  may  be  more  or  less,  according  to  whether 


• Mineral  Resources  of  the  United  States,  U.  S.  Oeol.  Survey,  AVasliington . 
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the  producer  is  overstocked  at  the  end  of  the  year  or  drew  on  the 
supplies  of  the  preceding  year  for  his  sales.  The  values  quoted  are 
f.  0.  b.  at  the  point  of  shipment. 

In  the  beginning,  the  quarries  in  the  district,  both  in  the  hard  and 
soft  belts,  yielded  almost  wholly  roofing  slate,  and  even  today  this 
makes  up  the  greater  part  of  the  value  of  the  production.  Gradually, 
however,  with  increased  use  of  structural  slate,  millstock  rose  to 
an  important  place.  In  these  early  days,  as  subsequently,  development 
of  the  industry  approximated  on  a smaller  scale  the  progress  of  slate 
making  in  the  nation  as  a whole.  It  was  not  long  before  Pennsylvania 
and  more  specifically  Northampton  County  became  the  leading  section 
of  slate  production  in  the  nation.  This  position  has  been  steadily  held 
throughout  the  current  century. 

TAP.I.E  I. 

Vahie  of  all  slate  sold  in  the  United  States  and  in  Xorthainpton 

Coimty,  1913-1924. 


Year  United  States  Northampton  County,  Pa. 

1913  $6,175,476  .$2,897,205 

1914  5,706,787  2,803,912 

1915  4,958,915  2,438,933 

1916  5,338,837  2,574,410 

1917  5,749,966  2,813,902 

1918  4,841,120  2,039,599 

1919  6,030,648  2,578,025 

1920  8,726,442  3,310,975 

1921  7,322,006  3,062,389 

1922  9,176,784  3,701,640 

1923  12,076,624  4,5.57,809 

1924  11,776,016  4,088,768 


Figure  47  illustrates  the  relative  importance  of  Northampton  County 
in  the  slate  production  of  the  United  States. 


"UNITED  STATES, 

8 64,036.981 


NORTHAMPTON 
COUNTY 
8 28,220.990 


Figure  47.  Relative  values  of  slate  production  of  the  entire  United  States  and 
Northampton  County,  1913-1922,  inclusive. 
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Before,  however,  discussing  the  production  of  slate  in  Northampton 
County,  attention  should  be  called  to  the  sharp  rise  in  the  value  and 
cpiantity  of  roofing  slate  produced  in  the  years  between  1890  and  1895 
and  the  equally  sharp  decline  in  the  ensuing  five  years.  This  sudden 
break  was  followed  by  a rapid  rise,  culminating  in  the  peak  produc- 
tion of  1903.  To  all  appearances  the  production  of  roofing  slate  will 
continue  to  decline,  because  of  the  competition  suffered  from  com- 
position roofing,  as  mentioned  above.  The  decline  of  roofing  slate  pro- 
duction, however,  is  being  more  than  counterbalanced,  it  would  appear 
from  this  curve,  by  the  rise  in  sales  of  millstock. 

Hoofing  slate. — Northampton  County  annually  produces  about  two- 
fifths  of  all  the  roofing  slate  of  the  United  States.  Its  total  production 
for  eleven  years,  beginning  with  1912,  represents  over  46  per  cent  of 
that  produced  by  the  nation  in  the  same  period.  It  is  here  that  the 
hard  belt  quarries  contribute  especially  heavily,  their  other  products 
being  mainly  a little  rough  structural  material,  such  as  grave  vaults, 
flagging,  and  wall  slate. 


TABLE  2. 

Yalne'^  of  roofing  slate  produced  in  the  United  Sta-tes 
and  in  Northampton  Counity,  1912-1924. 


Year  LTiiited  States  Northampton  County,  Pa. 

1912  $4,636,185  $1,857,255 

1913  4,461,062  2,035,796 

1914  4,160,832  1,942,555 

1915  3,746,334  1,695,589 

1916  3,408,934  1,667,738 

1917  3,411,740  1,829,956- 

1918  2,219,131  1,042,719 

1919  3,085,957  1,543,750 

1920  3,524,658  1,601,030 

1921  3,197,745  1,407,283 

1922  4,069,761  1,888,163 

1923  4,582,535  2,201,515 

1924  4,626,614  1,801,998 


Millstoch. — Next  to  roofing  slate  and  gradually  creeping  up  on 
it  in  value  appears  millstock.  This  increased  importance  of  millstock  is 
graphically  demonstrated  in  Figure  46.  It  will  be  seen  from  the  curve 


1 Values  are  f.  o.  b.  at  point  of  shipment. 

2 Includes  the  value  produced  by  one  quarry  in  York  County,  Pa. 
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that  since  1912  Pennsylvania  has  generally  produced  two-thirds  of 
all  the  niillstoek  of  the  United  States.  If  billiard  table  tops  were  in- 
cluded in  these  figures  the  proportion  would  be  better  than  two-thirds 
of  the  total  national  production  in  every  year  since  1912.  Of  the  two- 
thirds,  Northampton  County  has  generally  produced  between  three- 
fourths  and  four-fifths,  in  later  years  even  more. 

Electrical  slate. — Two  special  slate  products  sometimes  classed 
under  niillstoek  have  become  of  major  importance  in  recent  years 
(Figure  48).  Of  these  one  is  electrical  slate,  which  has  only  attained 
prominence  since  about  1918.  Here  Vermont  is  the  main  producer, 
and  Pennsylvania,  with  Northampton  County  yielding  about  half 
its  supiily,  shares  second  place  with  Maine. 

Blaclihoard  slate. — The  production  of  slate  blackboards  and  bul- 
letin boards  is  confined  almo.st  wholly  to  Pennsylvania.  Of  this,  North- 
ampton County  has  generally  furnished  the  larger  share,  especially  so 
since  1920  (Figure  49).  The  wide  beds  beOveen  the  “ribbons”  of 
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Figiii’O  40.  rrodnetion  of  blackboard  slate,  1912-1923.  inclusive. 


the  soft  belt,  particularly  those  at  Pen  Argyl,  are  especially  favorable 
for  blackboard  material.  It  has  been  hoped,  also,  that  some  faintly 
ribboned  slate  might  come  to  be  used  Avhere  specifications  would  permit 
it. 

School  slate. — On  the  other  hand,  Lehigh  County,  with  Slating- 
ton  as  its  main  center,  generally  doubles  the  output  of  its  sister  county 
in  school  slates,  as  may  be  seen  in  the  following  table.  There  was  in 
1923  only  one  small  school  slate  factory  in  Northampton  County. 


I'uom'CTiox 


o 
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TAIJI.E  3. 

Value  of  school  slates  produced  i)i  Lehigh  and  in  XoiihuinpUni  comi- 
ties, Pennsylvania,  1913-1922. 


Y.  ar 

Lehigh  County 

Northampton  County 

1918  

$84,829 

$16,984 

1914  

26,897 

8,808 

1915  

25,861 

12,806 

1916  

88,495 

19,066 

1917  

28,012 

20,816 

1918  

6,958 

10,068 

1919  

31,992 

22,648 

1920  

62,749 

20,240 

1921  

42,591 

18,579 

192“’  

80,105 

11,922 

$822,984 

$155,927 

The  persistence  of  the  school  slate  market  (largely  Euro|)ean  ) in 
the  last  ten  years  is  an  answer  to  the  fears  expressed  by  many  slate 
men  that  the  demand  for  this  product  will  suffer  further  decline. 

Minor  products. — Of  lesser  products  there  are  several  that  deserve 
mention.  In  the  section  of  Xorthampton  County  here  considered, 
one  company  is  manufacturing  marhleized  slate.  Two  grinding  plants 
for  making  powdered  slate  and  granules  have  been  e.stablished,  one 
at  Bangor  and  one  at  Pen  Argyl ; another  Avas  built  in  1928  at  Colum- 
bia, N.  J.,  but  contemplated  using  Vermont,  rather  than  Pennsylvania, 
slate. 

Pemarhs. — For  the  notable  increase  in  slate  production  and  con- 
sumption in  the  United  States  during  recent  years,  credit  should  be 
giA'en  at  least  in  i)art  to  the  recent  organizations  of  slate  producers. 
There  are  at  lea.st  tliree  such  organizations, — the  Structural  Slate  Com- 
pany, the  Vendor  Slate  Company,  and  the  Xatural  Slate  Blackboard 
Company,  AA'hich,  Avith  the  Xational  Slate  Association,  liaA’e  helped  stan- 
dardize and  adA'ertise  slate  products.  This  Avork  is  of  the  highest  A’alue 
to  producer  and  consumer  alike. 
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Achenliacli  (inarry,  2tiS 
Ackt'rniaiiville,  3!l,  40,  02 
Acme  quarry,  192 

AlOioii  Uaiigor  quarry,  3S,  39,  100, 
182 

Albion  quarry,  46-48,  51,  53,  50,  00, 
71,  89.  92,  93,  110,  113,  207 
Albion  Superior  quarry,  100,  195 
Albion  Vein  (piarry,  38,  40.  48,  03, 
00,  71,  113,  114,  204,  273 
Allegheny  I’lateau,  8 
Allen  quarry,  189,  247 
Allentown,  13 

Allentown  limestone,  12-15,  62,  83 
Alpha  quarry,  194 
American  Ilaugor  quarry,  227 
Apatite.  78,  79 

A)ipalacbian  IMountains,  50,  86 
Appalachian  Kevolution.  80 
Appalachian  Valley.  0.  8,  12 
Arvon  quarry,  75,  185 

Thuler  quarry,  209 
Itangor.  5.  0,  .3.3,  103,  124.  130,  178 
Bangor  beds,  .33,  90,  91,  104,  100,  1_20 
Bangor  Ventral  quarry,  .30,  47,  152, 
273.  288 

BangfU'  Excelsior  quarry.  49.  100 
Bangor  PVdelity  quarry,  00,  222 
Bangor  group,  130-178 
Bangor  Boyal  quarry.  1.54 
Bangor  Southern  quarry,  229 
Itangor  Superior  quarry.  40.  224,  225 
Bangor  Union  quarry,  47.  170 
Bangor  Valley  (Bangor  Eclipse! 
quarry  151 

Bangor  Vein  (New  Peerless)  quarry, 
45,  47.  00.  113.  138 
Bangor  Washington  quarry.  172 
Barnett  (piarry,  240 
Bascom,  Florence,  cited.  87 
Bassler,  R.  S.,  cited.  IS,  25,  29,  34.  S3 
Bath,  5.  2.52 

Batt  quarry,  27,  102,  244 
Bavley.  5V.  S..  cited,  18 
Bedding,  107,  110,  111 
Beekmantown  limestone,  12.  14-10,  02, 
82,  8.3 

Beers  quarry.  232 
Belfast.  124,  242 
Belfast-Edelman  group.  242-252 
Belfast  quarry.  70,  250 
Belvidere,  5,  9,  .38 
Bethlehem.  11,  87 
Bethlehem  quarry,  254 
Big  beds.  104-100 
Big  Offset.  38.  40,  ,80 
Billiard  table  tops,  29.3 
Biotite,  77-79,  88 

Blackboard  slate.  97.  2,87,  293,  .302 
Blake’s  farm.  39.  170 
Blasting.  274 

Blisters  (or  catspaws).  75,  ISO 


Blue  51ouutain,  7,  8,  in,  .3.3-35.  .38,  40, 
43.  100,  127 

Bowles.  O..  cited.  141,  201.  202.  204, 
219,  273-275,  282.  288,  2,89 
Br.andywine  peneidain,  87 
Broadiing,  273 
Bi'owning.  42 
Bucher.  W.  11.,  cited,  .59 
Buckley,  E.  R.,  cited,  70 
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